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ORGANIC HALOGEN COMPOUND DECOMPOSITION APPARATUS AND 
FLUID HEATING APPARATUS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a decomposition apparatus for organic halogen 
compounds that uses plasma, and particularly, to a decomposition apparatus for organic 
halogen compounds that generates plasma using microwaves. 

Moreover, the present invention relates to a decomposition device for organic 
halogen compounds and to a fluid heating apparatus for heating fluids such as water used 
in the decomposition device for organic halogen compounds. 
Description of the Related Art 

Organic halogen compounds containing fluorine, chlorine, bromine, and the like in 
the molecule such as fleon, trichloromethane, halon, and the like are extensively used in 
large amounts in a wide range of applications such as refrigerants, solvents, fire 
extinguishing agents, and the like, and are extremely important to industry. 

However, these compounds are extremely volatile and if they are released 
untreated into the environment such as into the air, the ground or into water, they may 
have deleterious effects on the environment such as the destruction of the ozone layer, 
the generating of cancer causing substances, and the like. Therefore, from the viewpoint 
of preservation of the environment, it is necessary to perform treatment to render such 
compounds harmless. 

The main reported conventional methods for treating organic halogen compounds 
employ a decomposition reaction at high temperature and these treatment methods can 



be broadly divided further into a burning method and a plasma method. 

The burning method is an organic halogen compound decomposition method that 
uses a cement kiln, a catalyst, and the like. The plasma method involves causing the 
organic halogen compound to react with water vapor in plasma and thereby be broken 
down into carbon dioxide, hydrogen chloride, and hydrogen fluoride. 

An example of the plasma method is that described in Japanese Patent No. 
2134675 in which an organic halogen compound is decomposed by generating high 
frequency inductive plasma using a high frequency power source. 

Decomposition methods are also proposed in Japanese Patent Application No, Hei 
7-308952 and Japanese Patent Application No. Hei 7-332580 in which arc plasma 
generated by a direct current power source is used. 

Other devices for decomposing organic halogen compounds include those that use 
plasma generated using microwaves. 

Decomposition methods that use microwave plasma employ a circular cylinder 
wave guide extending in a vertical direction above the plasma generating section 
(decomposition section); an electric discharge pipe provided inside the circular cylinder 
wave guide and penetrating through the bottom end thereof so as to communicate with a 
reaction pipe; a square wave guide connected with the circular cylinder wave guide in 
the vicinity of an end portion thereof; and a microwave transmitter or the like mounted at 
the other end of the square wave guide. 

In this decomposition method, while organic halogen compound and water vapor 
are supplied to the electric discharge pipe, microwaves transmitted by the microwave 
transmitter are transmitted to the circular cylinder wave guide via the square wave guide. 
An electrical discharge is then created in a microwave electric field formed by 



TMol mode inside the circular cylinder wave guide, and the organic halogen compound 
is decomposed by thermal plasma. 

In these plasma methods, it is necessary to stabilize the plasma for continuous long 
period of time by preventing the pressure variations that accompany temperature changes 
in order to secure the smooth circulation of fleon gas and the like, and by preventing the 
admixture of foreign matter in the decomposition section in order to suppress the 
generation of byproducts and contamination in the distribution pipes. 

However, it has not been possible to achieve this satisfactorily in conventionally 
proposed decomposition apparatuses. 

Further, another example is a plasma based organic halogen compound 
decomposition apparatus that generates plasma using microwaves and includes: a 
discharge gas treatment tank that holds alkali solution; a reaction pipe positioned such 
that the open bottom end portion thereof is immersed in the alkali solution; a circular 
cylinder wave guide extending in a vertical direction above the reaction pipe; a square 
wave guide connected to the circular cylinder wave guide in the vicinity of an end 
portion thereof; and a microwave transmitter or the like mounted at the other end of the 
square wave guide. 

In this decomposition apparatus, while organic halogen compound and water vapor 
are supplied to the electric discharge pipe, microwaves transmitted by the microwave 
transmitter are transmitted to the circular cylinder wave guide via the square wave guide. 

An electrical discharge is then created in a microwave electric field formed inside 
the circular cylinder wave guide, and the organic halogen compound is decomposed by 
thermal plasma in the reaction pipe. 

The gas generated by this decomposition reaction is neutralized by being passed 
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through the alkali solution and the remaining gas which includes carbon dioxide and the 
like is discharged from discharge ducts. 

In this type of decomposition apparatus, a heater is provided for generating water 
vapor by heating water supplied from a water source. 

However, because conventional heaters are structured so as to heat water from a 
water source as it passes through a penetrating flow passage having a circular cross 
section, they have the following problems. 

Namely, the water is not heated uniformly because not only does the water pass 
through the flow passage in a short period of time, but only a small area of the flow 
passage wall surface is in contact with the water. 

As a result, water splashes caused by rippling and sudden boiling tend to occur 
resulting in water vapor not be supplied stably to the electric discharge pipe and creating 
concern that the removal of the plasma and the decomposition reaction will become 
unstable. 

Moreover, in this plasma method, if the organic halogen compound and the water 
vapor are not sufficiently mixed, the decomposition reaction is also insufficient and 
byproducts such as hydrogen chlorides and carbon monoxide and the like are given off. 

Therefore, it is necessary that the two be mixed thoroughly in order to stabilize the 
decomposition reaction and thereby prevent byproducts from being generated. 

However, in conventionally proposed decomposition apparatuses there has been a 
complete lack of steps to accelerate the mixing of the organic halogen compounds and 
the water vapor resulting in the mixing not being performed satisfactorily, which, in turn, 
has led to a tendency for byproducts to be generated. 

Moreover, when fleon gas and water vapor are supplied to the electric discharge 
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pipe, electrical discharge is created in a microwave electric field formed inside the 
circular cylinder wave guide, and the fleon gas is decomposed by thermal plasma in the 
reaction pipe. For example, in the case of fleon R12, the chemical reaction shown in the 
formula below occurs and the fleon is decomposed. 
CCI2F2 + 2H2O 2HC1 + 2HF + CO2 

In this case, in order to stabilize and decompose the fleon, after heating water to 
change it into water vapor, it is necessary to mix this uniformly with the fleon gas at a 
fixed ratio. 

Therefore, a fluid heating apparatus such as that shown in Fig. 30 has been 
examined. 

In this fluid heating apparatus 364, flow passages 334a and 334b through which 
flow fleon gas and water respectively are provided inside the pipe 364a. A heater 364b 
for heating the fluids flowing through the flow passages 334a and 334b is provided at the 
periphery of the pipe 364a. The interior of the water flow pipe is also filled with a 
resisting member 335 for stabilizing the flow rate by preventing the water from boiling 
up when the water is vaporized. 

In this fluid heating apparatus, the water of the fluid solution and the fleon gas are 
introduced respectively into the flow passages 334a and 334b and the fleon and water are 
heated as they pass through the flow passages to a temperature without the water being 
condensed. 

Thereafter, the water and fleon gas are uniformly mixed in a mixer and plasma 
decomposition is performed. 

It should be noted that, in the above fluid heating apparatus, there is a space 
between the heater 364b and the flow passages 334a and 334b so that the heater 364b 
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does not apply direct heat to the flow passages but heats the fluid within the flow 
passages via this space. 

As a result, because time is required for the heat to be conducted across the space, 
if there is any flow variation in the fluid, differences arise in the heating temperature. In 
particular, when heating water, the load of the fluid within the flow passage varies due to 
the vaporization in spite of the resisting member 335 being provided resulting in the 
water heating amount, namely, the vaporization amount being unstable. 

Moreover, it is necessary to control the heater in order to control the fluid heating 
amount, however, heating the fluid to the target temperature by controlling the output of 
the heater is not an easy matter as it requires that consideration be given to the amount of 
heat that leaks to the outside and the like. 

The problems generated as a result of the above are that the amount of water vapor 
supplied to the electric discharge pipes is not stable, the fleon decomposition reaction is 
not stable, and, in some cases, the plasma may even be lost. 

SUMMARY OF THE INVENTION 

The present invention was achieved in consideration of the above circumstances 
and it is a first object thereof to guarantee stable conditions for decomposition by 
supplying organic halogen compound in an efficiently and stably purified state. 

The present inventors made the following discoveries after investigating the 
stabilization of the decomposition treatment. 

Because lubricating oil is mixed in with recovered fleon (organic halogen 
compound) used as a refrigerant in air conditioners and the like in order to prevent 
seizing of moving parts of the compressor, if the oil is introduced as it is into the system, 
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the concern exists that contaminants will become adhered to the piping system and that 
soot and harmful byproducts will be generated. 

Moreover, because the recovered fleon that is wet stored inside the cylinder 
snatches a great deal of the surrounding heat during vaporization, mist tends to be 
generated in the cylinder and in the pipes downstream from the cylinder bringing about 
variations in pressure due to temperature reductions and having an adverse effect on the 
stable supply of fleon gas and the like. 

If the fleon gas and the like are not supplied cleanly and stably into the system for 
the above reasons, there is a harmful effect on the stabilization of the plasma leading to a 
reduction in the decomposition treatment performance. 

Therefore, the structure described below was employed in the present invention in 
order to solve the above problems. 

The first aspect of the present invention is a decomposition apparatus for organic 
halogen compounds which generates thermal plasma by irradiating microwaves onto a 
gas containing organic halogen compounds and decomposes organic halogen compounds 
in the plasma, wherein a mist separator for separating and removing a mist of oil and 
moisture elements and the like mixed with the organic halogen compounds is provided 
on a transit path that leads from a cylinder containing organic halogen compound are 
contained to a plasma generating section. 

hi this decomposition apparatus, even if the organic halogen compound to be 
decomposed is a refrigerant that has been recovered from air conditioners or the like, 
because it is possible to separate and remove oil elements mixed in with the refrigerant 
before the refrigerant is introduced into the plasma generating section, there is no 
contaminating of the piping system or generating of byproducts. 
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The second aspect of the present invention is a decomposition apparatus for 
organic halogen compounds which generates thermal plasma by irradiating microwaves 
onto a gas containing organic halogen compounds and decomposes organic halogen 
compounds in the plasma, wherein a flow rate adjustment means is provided for 
suppressing variations in a volume flow rate of organic halogen compounds circulating 
towards the plasma generating section 

In this decomposition apparatus, even if variations in pressure are brought about by 
temperature reductions when the organic halogen compound is vaporized, it is possible 
to suppress variations in the volume flow rate of the organic halogen compound fed by 
the flow rate adjustment means to the downstream side thereof, and consequently, a 
stable supply to the plasma generating section becomes possible. 

The third aspect of the present invention is the decomposition apparatus for 
organic halogen compounds according to the second aspect of the present invention, 
wherein the flow rate adjustment means is provided with a temperature adjustment 
apparatus for keeping constant a gas temperature inside a cylinder containing organic 
halogen compound. 

Because the temperature and pressure of the saturated vapor remaining in a two 
phase state of separation together with the saturated solution inside the cylinder is 
determined by the type of the organic halogen compound, the discharge pressure from 
the cylinder can be controlled by adjusting the temperature of the saturated vapor, 
namely, of the gas. 

In this decomposition apparatus, because the discharge pressure also is kept 
constant by keeping the temperature of the saturated vapor constant, variations in the 
volume flow rate of the organic halogen compound are effectively suppressed. 
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The fourth aspect of the present invention is the decomposition apparatus for 
organic halogen compounds according to the second aspect of the present invention, 
wherein the flow rate adjustment means is provided with a restricting apparatus whose 
aperture cross sectional area is controlled so as to be able to be varied in accordance with 
a gas pressure of organic halogen compounds upstream from the flow rate adjustment 
means. 

The volume flow rate when the amount remaining in the cylinder is sufficient is 
determined solely by the aperture cross sectional area of the restricting apparatus and 
there are no variations in the volume flow rate even if there are variations in the pressure. 

The volume flow rate when the amount remaining in the cylinder decreases and the 
gas pressure is below a predetermined value, however, is determined by the differential 
pressure between the aperture cross sectional area and the restricting apparatus. 
Therefore, if there are variations in the differential pressure, then there are also variations 
in the volume flow rate. 

Because the pressure downstream from the restricting apparatus is fixed 
substantially at atmospheric pressure, variations in the differential pressure are generated 
solely depending on the pressure variations upstream from the restricting apparatus. 

hi this decomposition apparatus, because variable control of the aperture cross 
sectional area of the restricting apparatus can be performed in accordance with the 
pressure upstream from the restricting apparatus, even if the gas pressure drops below a 
predetermined value as the time in operation becomes longer, it is possible to effectively 
suppress variations in the volume flow rate of the organic halogen compound. 

The fifth aspect of the present invention is the decomposition apparatus for organic 
halogen compounds according to the second aspect of the present invention, wherein the 
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flow rate adjustment means is provided with a pressure control valve for keeping a gas 
pressure of an organic halogen compound upstream of the flow rate adjustment means at 
a constant pressure, and with a restricting apparatus provided downstream from the flow 
rate adjustment means. 

As described above, if the amount remaining in the cylinder decreases and the gas 
pressure falls below a predetermined value, the volume flow rate is determined by the 
aperture cross sectional area and the pressure upstream from the restricting apparatus. 

In this decomposition apparatus, because the gas pressure upstream from the 
restricting apparatus is kept constant using a pressure control valve, even if the gas 
pressure drops below a predetermined value as the time in operation becomes longer, it 
is possible to effectively suppress variations in the volume flow rate of the organic 
halogen compound. 

The sixth aspect of the present invention is the decomposition apparatus for 
organic halogen compounds according to the second aspect of the present invention, 
wherein the flow rate adjustment means is provided with a restricting means for 
vaporizing organic halogen compounds flowing out in a liquid state from a cylinder, and 
a heating apparatus for heating organic halogen compounds passing through the 
restricting means to fixed temperature and keeping the organic halogen compounds at 
the fixed temperature. 

The volume flow rate when the organic halogen compound flows out from the 
cylinder in a liquid state is determined by the differential pressure between the restricting 
apparatus and the aperture cross sectional area. 

In this decomposition apparatus, by heating the organic halogen compounds that 
pass through the restricting apparatus to a fixed temperature and then keeping them at 



11 

this fixed temperature using the heating apparatus, because the differential temperature is 
also held constant as a result of the pressure upstream firom the restricting apparatus 
being held constant, it is possible to effectively suppress variations in the volume flow 
rate of the organic halogen compound 

The second object of the present invention lies in preventing plasma loss and 
stabilizing the decomposition reaction through the stable supply of dried water vapor. 

In order to meet the above aim, the structures described below are employed in the 
present invention. 

Namely, the seventh aspect of the present invention is a decomposition apparatus 
for organic halogen compounds which generates thermal plasma by irradiating 
microwaves onto a gas containing organic halogen compounds and decomposes organic 
halogen compounds in the plasma by reacting the organic halogen compounds with 
water vapor, wherein the decomposition apparatus for organic halogen compounds is 
provided with a heater for generating water vapor by causing water supplied from a 
water source to pass through a flow passage provided in the heater body, and a filling 
member is provided in the flow passage so as to block the flow passage while leaving a 
gap running fi:om the entry side to the exit side of the flow passage. 

In this structure, not only is the smooth circulation of the water inside the heater 
prevented, but as the water is distributed between each of the gaps in the flow passage 
and is thereby heated not only from the inner peripheral wall surface inside the flow 
passage but also from the inner side, the water inside the heater is uniformly heated with 
the water in contact with the heater for a sufficient length of time and a sufficient surface 
area of the water being in contact with the heater and is thereby changed to water vapor. 
Moreover, because the water vapor generated in this way is also unable to circulate 
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smoothly inside ttie flow passage, a constant amount of water vapor is always retained 
inside the heater and the outflow amount is stable. 

Note that an organic or inorganic granulated member, a fibrous member, a porous 
member, or the materials that form these is employed for the filling material 

The eighth aspect of the present invention is the decomposition apparatus for 
organic halogen compounds according to the seventh aspect of the present invention, 
wherein the filling member is formed from an inorganic material. 

In this structure, deterioration of the filling member in a high temperature 
environment can be effectively prevented. 

An inorganic material such as an oxide, carbide, nitride, and the like typified by 
Si02, AI2O3, TiOa, MgO, Zr02, and the like is employed as the inorganic material 

The ninth aspect of the present invention is the decomposition apparatus for 
organic halogen compounds according to the seventh aspect of the present invention, 
wherein a second flow passage for circulating organic halogen compounds is formed in 
the heater separately from the flow passage. i 

In this structure, because the organic halogen compound is preheated before it is 
mixed with the water vapor, the water vapor is not recondensed by being cooled by the 
organic halogen compound. 

Moreover, because the preheating heater used to preheat the organic halogen 
compound is formed integrally with the heater for generating the water vapor, it is 
possible to achieve effective use of the heat source and to conserve space. 

The third object of the present invention lies in stabilizing the decomposition 
reaction by sufficiently mixing the water vapor and the organic halogen compound. 

In order to meet the above aim, the structures described below are employed in the 
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present invention. 

The tenth aspect of the present invention is a decomposition apparatus for organic 
halogen compounds which generates thermal plasma by irradiating microwaves onto a 
gas containing organic halogen compounds and decomposes organic halogen compounds 
in the plasma by reacting the organic halogen compounds with water vapor, wherein the 
decomposition apparatus for organic halogen compounds is provided with a mixer in a 
section where water vapor and organic halogen compound supplied by a separate system 
flow together, and a resisting member is provided inside the mixer section so as to 
partially block the circulation of the water vapor and the organic halogen compound. 

In this decomposition apparatus^ not only are the water vapor and organic halogen 
compounds that are supplied from separate systems simply allowed to flow together in a 
confluent section, but because the water vapor and organic halogen compounds inside 
the mixer are diffused by striking the resisting member and the flow directions of each 
are changed so that they collide with each Other, the mixing together of the two is 
accelerated. 

The eleventh aspect of the present invention is the decomposition apparatus for 
organic halogen compounds according to the tenth aspect of the present invention, 
wherein an orifice provided inside the mixer is employed as the resisting member. 

In this decomposition apparatus, after the flow directions of the water vapor and 
the organic halogen compounds that have been fed into the mixer have been changed by 
striking against the orifice, the two are made to collide against each other thereby 
accelerating the mixing upstream from the orifice. 

Moreover, because turbulence is formed downstream from the orifice^ even more 
thorough mixing is achieved downstream from the orifice. 
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The twelfth aspect of the present invention is the decomposition apparatus for 
organic halogen compounds according to the tenth aspect of the present invention, 
wherein a granulated material with which the mixer is filled is employed as the resisting 
member. 

In this decomposition apparatus, because the water vapor and organic halogen 
compounds that have been fed into the mixer are circulated at random in the gaps 
between granular bodies and the two are made to collide together in the circulation 
process, the mixing is accelerated. 

The thirteenth aspect of the present invention is the decomposition apparatus for 
organic halogen compounds according to the tenth aspect of the present invention, 
wherein baffle plates provided at alternating intervals on facing internal peripheral 
surfaces inside the mixer are employed as the resisting member. 

In this decomposition apparatus, because the flow paths of the water vapor and the 
organic halogen compounds that have been fed into the mixer are changed as the two are 
made to collide against baffle plates and to circulate in a zigzag manner inside the mixer, 
the mixing of the two is accelerated. 

The fourteenth aspect of the present invention is a decomposition apparatus for 
organic halogen compounds which generates thermal plasma by irradiating microwaves 
onto a gas containing organic halogen compounds and decomposes organic halogen 
compounds in the plasma by reacting the organic halogen compounds with water vapor, 
wherein the decomposition apparatus for organic halogen compounds is provided with a 
mixer in a section where water vapor and organic halogen compound supplied by a 
separate system flow together, and a plurality of inclined nozzles for separately 
introducing water vapor and organic halogen compounds are provided at the mixer entry 
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side, and these inclined nozzles are inclined at predetermined angles towards the exit 
side of the mixer relative to the outer peripheral tangential direction of the mixer. 

In this decomposition apparatus, because the water vapor and the organic halogen 
compounds that have been fed into the mixer via the nozzles are circulated while they 
form a swirl pattern, the mixing of the two is accelerated. 

The fourth object of the present invention lies in providing a fluid heating 
apparatus capable of stably supplying fluid. Moreover, another object of the present 
invention lies in providing a decomposition apparatus for organic halogen compounds 
which stabilizes the plasma and achieves an improvement in the treatment performance. 

In order to meet the above objects, the structures described below are employed in 
the present invention. 

The fifteenth aspect of the present invention is a fluid heating apparatus including: 
a sealed container; a heating medium contained within the sealed container; a heater for 
heating the heating medium; and a fluid passage that penetrates through the sealed 
container and through which flows a fluid. 

In this fluid heating apparatus, firstly, the interior of the fluid heating apparatus is 
placed in a vacuum, a heating medium such as water or the like is then sealed inside, and 
the apparatus is shut tight. In this state, the vapor and the liquid heating mediums are 
mixed together. 

When the water heating medium is heated by the heater, a portion thereof is 
vaporized. This gas is cooled by the fluid inside the flow passage and condenses. Namely, 
because the vapor heating medium, which has become a heat source, directly heats the 
flow passage by condensation heat transfer, the heat conduction time is extremely short 
and stable heating can be performed. 
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The condensed heating medium is once again heated by the heater and vaporized 
and the same processes as described above are repeated. As a result, the vapor heating 
medium, which has become a heat source, can be stably and continually supplied. 

The sixteenth aspect of the present invention is the fluid heating apparatus 
according to the fifteenth aspect of the present invention, wherein the sealed container is 
provided with a vaporization chamber that is provided with a heater, and with a 
liquefaction chamber, which is provided above the vaporization chamber and 
communicates with the vaporization chamber, through which the flow passage 
penetrates. 

In this fluid heating apparatus, the heating medium that has been vaporized in the 
vaporization chamber moves to the liquefaction chamber side. The heating medium that 
is then heated and condensed in the liquefaction chamber is moved by gravity down 
towards the vaporization chamber, is heated again by the heater and the same processes 
as described above are repeated. As a result, the vapor heating medium, which has 
become a heat source, can be stably and continually supplied. 

The seventeenth aspect of the present invention is the fluid heating apparatus 
according to the sixteenth aspect of the present invention, wherem the liquefaction 
chamber has a sloping bottom surface and the liquefaction chamber and the vaporization 
chamber are connected together at the bottom end of the slope of the bottom surface. 

In this fluid heating apparatus, because the bottom surface of the liquefaction 
chamber is formed with a slope, the heating medium that has been condensed in the 
liquefaction chamber runs down the bottom surface due to gravity and moves into the 
vaporization chamber. As a result, the condensed heating medium moves rapidly towards 
the vaporization chamber and is heated again and vaporized. As a result, the vapor 
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heating medium, which lias become a heat source, can be stably and continually 
supplied. 

The eighteenth aspect of the present invention is the fluid heating apparatus 
according to the sixteenth or seventeenth aspects of the present invention, wherein the 
flow passage slopes in the longitudinal direction thereof. 

In this fluid heating apparatus, because the flow passages are formed with a slope, 
the heating medium that has been condensed on the surface of the pipes forming the flow 
pipes runs down the pipe surface due to gravity and moves into the vaporization chamber. 
The heating medium is then heated once again in the vaporization chamber and 
vaporized. Namely, the condensed heating medium can be removed rapidly and the flow 
passage heated by new gas. As a result, the heating medium, which has become a heat 
source, can be stably and continually supplied. 

The nineteenth aspect of the present invention is the fluid heating apparatus 
according to fifteenth to eighteenth aspects of the present invention, wherein a resisting 
member is provided inside the flow passage. 

In this fluid heating apparatus, a resisting member for providing resistance to the 
fluid moving in the flow chamber is provided in the flow chamber, thereby preventing 
the fluid that has been vaporized inside the flow passage from flowing smoothly. 

As a result, a constant amount of vaporized fluid is always retained inside the flow 
passage. 

Therefore, water splashes caused by rippling and sudden boiling are prevented and 
the water vapor outflow rate is stabilized, and variations in the flow rate are suppressed. 

The twentieth aspect of the present mvention is the fluid heating apparatus 
according to the fifteenth to nineteenth aspects of the present invention, wherein the fluid 
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heating apparatus is provided with a pressure detector for detecting a pressure of the 
heating medium, and a pressure control apparatus for controlling an output of the heater 
based on an output from the pressure detector. 

In this fluid heating apparatus, the temperature to which the fluid is heated is 
determined by adjusting the pressure. 

Namely, although there are slight variations due to the amount of vaporization of 
the heating medium inside the sealed container, it can be safely said that the volume of 
the vapor portion in the sealed container remains constant. Therefore, the temperature of 
the heating medium is determined solely by the pressure inside the system. Namely, the 
temperature to which the fluid is heated is determined by the pressure inside the system. 

In this fluid heating apparatus, because a pressure detector is provided to detect the 
pressure of the heating medium, the output of the pressure detector is fed back to the 
heater via the pressure control means. Therefore, the target pressure, namely, the 
temperature can be easily set. 

The twenty-first aspect of the present invention is a decomposition apparatus for 
organic halogen compounds that is provided with a fluid heating apparatus for heating 
water, wherein the fluid heating apparatus includes: a sealed container; a heating 
medium contained within the sealed container; a heater for heating the heating medium; 
and a fluid passage that penetrates through the sealed container and through which flows 
a fluid. 

In this fluid heating apparatus provided in a decomposition apparatus for organic 
halogen compounds, the interior of the sealed container is placed in a vacuum, a heating 
medium such as water or the like is then sealed inside, and the apparatus is shut tight. In 
this state, the vapor and the liquid heating mediums are mixed together in the sealed 
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container. 

When the liquid heating medium is heated by the heater, a portion thereof is 
vaporized. This gas is cooled by the fluid inside the flow passage and condenses. Namely, 
because the vapor heating medium, which has become a heat source, directly heats the 
flow passage by condensation heat transfer, the heat conduction time is extremely short 
and stable heating can be performed. 

The condensed heating medium is once again heated by the heater and vaporized 
and the same processes as described above are repeated. As a result, the vapor heating 
medium, which has become a heat source, can be stably and continually supplied. 

As a result of the above, in this decomposition apparatus for organic halogen 
compounds, because water vapor which is made to react when decomposing organic 
halogen compounds such as fleon is stably supplied, it is possible to stably decompose 
organic halogen compounds. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view of the system structure showing the first embodiment of the present 
invention. 

Fig. 2 is an enlarged view of the principal portions of the same decomposition 
apparatus. 

Fig, 3 is a perspective view showing the overall structure of the decomposition 
apparatus of the first embodiment. 

Fig. 4 is a cross sectional view of the principal portions of the mixer provided in 
the same decomposition apparatus. 

Fig. 5 A is a front elevational view showing an example of a mist separator, while 
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Fig. 5B is a cross sectional view of the principal portions of Fig. 5A. 

Fig. 6 is a cross sectional view showing another example of a mist separator. 

Fig. 7 is a view of the system structure showing the principal portions of another 
embodiment of the present invention. 

Fig. 8 is a view of the system structure showing the principal portions of yet 
another embodiment of the present invention. 

Fig. 9 is a comparative view showing the timings of the supply of microwaves, 
argon gas and the like and the timing of the ignition in a time sequence graph. 

Fig. 10 is a view of the system structure showing the second embodiment of the 
present invention. 

Fig. 11 is an enlarged view of the principal portions of the same decomposition 
apparatus. 

Fig. 12 is a perspective view showing the overall structure of the decomposition 
apparatus of the second embodiment. 

Fig. 13 is a cross sectional view of the principal portions of the mixer provided in 
the same decomposition apparatus. 

Fig, 14 is an enlarged cross sectional view of the heater provided in the same 
decomposition apparatus. 

Fig. 15 is a comparative view showing the timings of the supply of microwaves, 
argon gas and the like and the timing of the ignition in a time sequence graph. 

Fig. 16 is a view of the system structure showing the third embodiment of the 
present invention. 

Fig. 17 is an enlarged view of the principal portions of the same decomposition 
apparatus. 
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Fig. 18 is a perspective view showing the overall structure of the decomposition 
apparatus of the third embodiment. 

Fig. 19 is a cross sectional view of the principal portions of the mixer provided in 
the same decomposition apparatus. 

Fig. 20 is a comparative view showing the timings of the supply of microwaves, 
argon gas and the like and the timing of the ignition in a time sequence graph. 

Fig, 21 is a cross sectional view of a mixer according to another embodiment of 
the present invention. 

Fig. 22 is a cross sectional view of a mixer according to yet another embodiment of 

the present invention. 

Fig. 23 A is a plan view of a mixer according to yet a further embodiment of the 
present invention, while Fig. 23B is a cross sectional view showing the state of the swirl 
flow formed inside the same mixer. 

Fig, 24 is a partial cross sectional view showing an embodiment of the fluid 
heating apparatus according to the present invention. 

Fig, 25 is a view of the system structure showing an embodiment of the 
decomposition apparatus according to the present invention. 

Fig. 26 is an enlarged view of the principal portions of the same decomposition 
apparatus. 

Fig. 27 is a perspective view showing the overall system structure of the 
decomposition apparatus of the present embodiment. 

Fig. 28 is a cross sectional view of the principal portions of the mixer provided in 
the same decomposition apparatus. 

Fig. 29 is a comparative view showing the timings of the supply of microwaves, 
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argon gas and the like and the timing of the ignition in a time sequence graph. 

Fig. 30 is a perspective view showing an example of a fluid heating apparatus. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 

The first embodiment of the present invention will now be described with 
reference to the drawings. 

A square wave guide 1 extending in the horizontal direction in Fig. 3 is provided 
with a microwave transmitter 2 at the starting end portion thereof (i.e. the left hand side 
in the drawing) for transmitting microwaves at a frequency of 2.45 GHz and sending 
these microwaves from the starting end side towards the terminal end side (i.e. towards 
the right hand side of the drawing). 

As is shown in Fig. 1, the square wave guide 1 is provided with an isolator 3 for 
preventing reflected microwaves that are reflected by the terminal end side so as to end 
up coming back towards the starting end side from affecting the transmitting side by 
absorbing these microwaves. The square wave guide 1 is also provided with a tuner 6 
which causes each of a plurality of wave motion adjusting members 4 to be inserted or 
retracted so as to adjust the amount of inconsistency in the wave motion and thereby 
converge the electric waves at the electric discharge pipe 5. 
This operation is described below in more detail. 

The microwave transmitter 2 drives a magnetron placed at one end of a wave guide 
pipe having a rectangular cross section so as to radiate electromagnetic waves in a 
predetermined frequency. The characteristics of the propagation phenomenon of these 
electromagnetic waves could be ascertained by solving Maxwell's wave motion equation 
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for electromagnetic waves, however, the end result would be that the waves are 
propagated as electromagnetic TE waves that have no electric field component in the 
propagation direction. 

An example of these primary components TEio is shown by the propagation 
directions in the rectangular wave guide pipe in Fig. 2 by the orthogonally intersecting 
arrows. 

Moreover, TM waves having electric field components in the direction of 
movement are generated in the annular cavity portion of a double circular cylinder wave 
guide pipe including a double circular cylinder conductor at the other end portion of the 
rectangular wave guide pipe 1 by the bonding action of the electromagnetic waves 
propagated in the wave guide pipe 1 with the electromagnetic waves reflected by the end 
of the pipe caused by the conductor 9. 

The TMoi waves that form this primary component are shown by the arrows in the 
annular cavity portion in Fig. 2. 

Delicate adjustment of the propagation of the wave motion of the electromagnetic 
waves arising from secondary and greater higher harmonics is made by the tuner 4. 

The isolator 3 protects the transmitter 2 from basic damage. 

In this way, a stable mode TMoi electric field is formed inside the circular cylinder 
wave guide pipe 7. 

Naturally, a magnetic field is generated in a direction orthogonally intersection the 
electric field. 

Because substances inserted into the relevant portion by the vibrating 
electromagnetic field are heated to a plasma state, if a high voltage is applied to 
electrodes 13 connected to the ignition device 13, an electric spark discharge is generated 
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between the electrode 13 and an inner conductor 9 and ignition takes place. 

As is shown in Fig. 2, the circular cylinder wave guide pipe 7 is formed from an 
outer conductor 8 and an inner conductor 9 having a smaller diameter than the outer 
conductor 8. The circular cylinder wave guide pipe 7 is connected to the vicinity of the 
terminal end portion of the square wave guide pipe 1 so as to extend in a vertical 
direction while communicating with the square wave guide pipe 1. 

The inner conductor 9 is fixed to the top portion of the square wave guide pipe 1 
and extends towards an end plate 8A of the outer conductor 8 while surrounding a quartz 
electric discharge pipe 5. This extended portion forms a probe antenna 9a. 

The electric discharge pipe 5 is formed from an inner pipe 11 and an outer pipe 12 
and is placed so as to be coaxial with the central axis of the circular cylinder wave guide 
pipe 7, 

Moreover, conductor wires 14 connected to the ignition device 13 are inserted 
inside the inner pipe 11 of the electric discharge pipe 5. 

By generating a high voltage and applying this to the distal end of the conductor 
wires 14, the ignition device 13 causes electric sparks to be discharged between itself 
and the inner conductor 9 thereby igniting the plasma. 

The distal end portion of the outer pipe 12 conununicates with a metallic reaction 
pipe 15 through the end plate 8A of the outer conductor 8. The proximal end (i.e. the top 
end in the drawing) of the outer pipe 12 is mounted with a gap between itself and the 
inner conductor 9. 

The symbol 17 denotes an optical sensor for observing the state of plasma 
generation by detecting the luminosity. 

A gas supply pipe 16 is inserted into the above gap at a tangential direction to the 
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outer pipe 12. Argon gas, fleon gas (organic halogen compounds), air, and water vapor 
are supplied to the electric discharge pipe 5 via the gas supply pipe 16. 

The argon gas, fleon gas, and air are selectively fed to the heater 18 from their 
respective supply sources. 

Because the argon gas is supplied so as to facilitate the ignition prior to the plasma 
generation, it is stored in an argon cylinder 21. 

A pressure adjuster 22 and a pressure switch 23 are provided between the argon 
cylinder 21 and an electromagnetic valve 19a. 

Air is supplied from an air compressor 24 in order to increase the stability of the 
ignition by removing moisture remaining in the system and in order to expel gas 
remaining in the system. 

Because water vapor is necessary for the decomposition of the fleon gas, it is 
generated by feeding water from a water storage tank 26 using a plunger pump 25 to the 
heater 18. 

A level switch 27 is provided in the water storage tank 26 for detecting variations 
in the water level. 

The fleon gas is wet stored in a recovered fleon cylinder 28. A restricting apparatus 
31, a mist separator 32, and a pressure switch 33 are provided between the recovered 
fleon cylinder 28 and an electromagnetic valve 19b. 

The restricting apparatus 31 is provided in order to obtain a constant flow rate and 
may be formed from a capillary pipe and orifice combination, for example. 

The mist separator 32 is intended to remove oil elements (lubricating oil), moisture, 
as well as solid elements such as sludge that are contained in the fleon gas, and an 
impact type or filter type separator is used. 
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As is shown in Fig. 5, for example, an impact type mist separator includes two 
baffle plates 32b, in each of which are formed a plurality of small holes 32a, superposed 
inside a casing 32c such that the small holes 32a do not communicate in the axial 
direction. Fleon gas fed in from an intake aperture 32d and flowing towards a discharge 
aperture 32e is impacted against the baffle plates 32b, thereby removing oil beads and 
water drops contained therein by causing them to adhere to the baffle plate 32b and drip 
downwards. 

As is shown in Fig. 6, for example, a filter type mist separator is formed by placing 
a porous filter 32f on the route that the fleon gas fed in from the intake aperture 32d 
travels along towards the discharge aperture 32e. Oil, water, and solid elements over a 
certain diameter that are contained in the fleon gas are removed, 

A centrifugal separation type separator may also be used in addition to those above. 
A centrifugal separator removes oil beads and water droplets by spinning the fleon gas 
inside it and causing these elements to be blown out of the gas by their own weight. 

The heater 18 not only generates water vapor for reacting with the fleon gas, but is 
also intended to prevent trouble, such as water vapor inside the apparatus being cooled 
by the fleon gas and the like and recondensing, by heating the fleon gas and the like in 
advance. An electric type or steam type of heating method is employed in the heater 18. 

Fleon gas and the like and water vapor that have transited the heater 18 are mixed 
together in a mixer 37 and thereafter supplied to electric discharge pipe 5 via the gas 
supply pipe 16. 

An exhaust gas treatment tank 41 is provided in order to render harmless acidic gas 
(hydrogen fluoride and hydrogen chloride) generated when the fleon gas is decomposed 
by neutralizing it. An alkaline suspension solution including water to which calcium 
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hydroxide has been added is contained in the exhaust treatment tank 41. 

For example, if the fleon gas to be decomposed is fleon R12 for use as a refrigerant 
that has been recovered from discarded refrigerators, the gas generated by the 
decomposition reaction shown in Formula 1 can be rendered harmless by the 
neutralization reaction shown in Formula 2. 
(Formula 1) 

CCI2F2 + 2H2O 2HC1 + 2HF + CO2 
(Formula 2) 

2HC1 + Ca (0H)2 CaCla + 2H2O 
2HF + Ca (0H)2 CaFs + 2H2O 

An intake pipe 45 connected to the reaction pipe 15 via an exchange coupling 44 is 
placed inside the exhaust gas treatment tank 41 so as to extend in a vertical direction 
with the bottom end portion thereof immersed in the alkali solution. 

A cooler 46 provided with cold water pipes (not illustrated) is provided at the 
periphery of the reaction pipe 15. 

The cooler 46 is provided to cool the gas generated by the decomposition reaction 
shown in Formula 1, however, it is controlled so that it only cools to above the dew point 
so as to prevent recondensation of the water vapor remaining inside the reaction pipe 15. 

In the present embodiment, the gas is cooled to approximately 400°. 

Effective use is made of the cooling water in the cooler 46 that has been wanned 
up from cooling the reaction pipe 15 (i.e. the warm water) by using it as a source of heat 
for heating the recovered fleon gas cylinder 28. 

Namely, a heater 47 provided with warm water pipes (not illustrated) is provided at 
the periphery of the recovered fleon cylinder 28, and the recovered fleon cylinder 28 is 
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heated by allowing cooling water that has been used to cool the reaction pipe 15 to 
circulate through the warm water pipes. 

As is shown in Fig. 2, the exchange coupling 44 is able to be connected and 
disconnected between the reaction pipe 15 and the intake pipe 45 and a water injection 
nozzle 51 communicates with the interior of the exchange coupling 44, 

Cooling water is sprayed from the water injection nozzle 51 so that the intake pipe 
45 made from a resin, for example, Teflon is rapidly cooled to within a heatproof 
temperature range. 

Gas generated by the decomposition reaction shown in Formula 1 is bubbled 
through the alkaline solution from the distal end (bottom end) of the intake pipe 45 and 
then discharged. 

Because the neutralizing reaction in the alkaline solution is accelerated the greater 
the area of contact between the gas bubbles and the alkaline solution and the longer the 
time before the gas bubbles reach the surface of the solution, a bubble dividing means 52 
is provided in the exhaust gas treatment tank 41 for accelerating the neutralization 
reaction shown in Formula 2 by dividing the gas bubbles into even smaller bubbles. 

The bubble dividing means 52 is formed from a shaft portion 52b rotated by a 
motor 52a, a disc shaped blade holding portion 52c fixed to the distal end of the shaft 
portion 52b, and six blades 52d fixed to the outer edge portion of the blade holding 
portion 52c. 

The bubble dividing means 52 also has the function of creating a suspension 
solution of water and calcium hydroxide that is difficult to dissolve in water by stirring 
calcium hydroxide powder added to the exhaust gas treatment tank 41. 

Moreover, because the neutralization reaction shown in Formula 2 is a heat 
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generating reaction, a cooler 53 is provided in the exhaust gas treatment tank 41 for 
cooling the tank temperature to below the heatproof temperature of the intake pipe 45 or 
the exhaust gas treatment tank 41. 

The cooler 53 is formed from a heat discharge section 53b cooled by a fan 53a. 

A pH sensor 55 is also provided in the exhaust gas treatment tank 41. 

After the operation thereof has been halted, solid material in the exhaust gas 
treatment tank 41 is received together with the alkaline solution by a solid - liquid 
separator 62 and the solids and liquids are separated. Thereafter, the solid material is 
either disposed of as waste material or used in other applications. 

The separated alkaline solution, however, is returned to the exhaust gas treatment 
tank 41 once more and either reused or discarded. 

The control device 61 constantly monitors the supply pressure of the argon gas and 
fleon gas to the heater 18, the level of water in the water storage tank 26, the state of 
plasma generation, and the temperature and level of the solution mside the exhaust gas 
treatment tank 41 by receiving signals from various sensors such as the pressure switches 
23 and 33, thermocouples 36 and 54, level switches 27 and 56, and the optical sensor 17. 
When one of these strays from the prescribed value, a concern arises that the operation is 
not being performed normally or efficiently and the operation is halted. 

After the operation has been halted, air is supplied as described above in order to 
guarantee stability and the remaining gas within the apparatus is scavenged. 

The operation of the decomposition apparatus according to the present 
embodiment will now be described with reference to Fig. 9. 

In this decomposition apparatus, firstly, the electromagnetic valves 19a and 19b are 
closed and the electromagnetic valve 19c is opened, thereby supplying air from the air 
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compressor 24 to the electric discharge pipe 5 via the gas supply pipe 16. 

Because this air is heated to between 100 and 180°C by passing through the heater 
18, the remaining moisture inside the apparatus can be definitely removed. 

Next, the electromagnetic valve 19c is closed and the electromagnetic valve 19a is 
opened, thereby supplying argon gas to the electric discharge pipe 5. 

At this time, because the argon gas is supplied from a direction tangential to the 
outer pipe 12 and flows down in a spiral configuration, sediment is formed in the vicinity 
of the distal end of the inner pipe 11 enabling the plasma to be easily held. 

Moreover, the gas supply at this time is set at 4 to 40 1/min and more desirably to 
15 1/min or more. 

Within this setting range, the sediment is effectively formed and the plasma is able 
to be held more easily, hi addition, the electric discharge pipe 5 tends not to be thermally 
affected by the plasma and melting deformation and damage thereto can be effectively 
prevented. 

Moreover, at fixed intervals after the start of the argon gas supply microwaves are 
transmitted from the microwave transmitter 2. 

The microwaves are transmitted by the square wave guide 1 towards the rear end 
side thereof and then transmitted further towards the circular cylinder wave guide 7. 

At this time, a TMoi mode having a high strength electrical field is formed as the 
electric field inside the circular cylinder wave guide 7. Moreover, because the electric 
field mode inside the square wave guide 1 and the electric field mode inside the circular 
cylinder wave guide 7 are coupled by the inner conductor 9, the electric field inside the 
circular cylinder wave guide 7 is stabilized. 

Next, a high voltage is applied to the distal end of the connected wires 14 by the 
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ignition device 13, and an electric spark discharge is generated between the electrode 13 
and the inner conductor 9 and ignition takes place. 

At this time, because moisture inside the electric discharge pipe 5 is removed by 
air and easily ignitable argon gas is supplied thereto in advance, the ignition is 
simplified. 

Next, water is pumped out from the water storage tank 26 by the plunger pump 25 
and the water vapor generated by passing this through the heater 18 is supplied to the 
electric discharge pipe 5. 

Next, the electromagnetic valve 19b is opened and fleon gas is supplied to the 
electric discharge pipe 5. 

At this time, oil elements and moisture in the fleon gas discharged from the 
recovered fleon cylinder 28 are removed when the gas passes through the mist separator 
32, 

As a result, the generation of byproducts and contamination of the pipes and the 
like caused by lubricating oil in the fleon gas is suppressed, and the efficient and stable 
supply of fleon gas and the like is made possible. Moreover, the supply of excess 
moisture can be prevented and there is no plasma loss. 

Accordingly, the plasma can be stabilized and it is possible to obtain an 
improvement in the treatment performance. 

The mixing of the water vapor, argon gas, and fleon gas that have passed through 
the heater 18 and been fed into the mixer 37 is accelerated not only by the loss in 
pressure when they pass through the aperture 38a of an orifice 38, but is also accelerated 
when they strike the end surface 37A on the exit side. Therefore, they leave the mixer 37 
in a more uniformly mixed state and are thus supplied to the electric discharge pipe 5. 
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As a result, there is sufficient decomposition reaction according to Formula 1 and 
it is possible to suppress the generation of byproducts such as chlorine gas and carbon 
monoxide. 

When the microwaves are irradiated onto the fleon gas supplied thus to the electric 
discharge pipe 5, the level of electronic energy in the electric discharge pipe 5 is high 
and thermal plasma heated to a temperature of 2000K to 6000K is generated. 

At this time, because argon gas is supplied to the electric discharge pipe 5 at the 
same time as the fleon gas and the water vapor, there is no plasma loss. 

Moreover, because the fleon gas is placed in a state in which it can be easily 
separated into chlorine atoms, fluorine atoms, and hydrogen atoms by the thermal plasma 
generation, it is easily decomposed by reacting with the water vapor, as is shown in 
Formula 1. 

When the plasma is stable the electromagnetic valve 19a is closed and the supply 
of argon gas is halted. 

The gas generated by the decomposition reaction is discharged into the alkaline 
solution in the exhaust gas treatment tank 41 via the exchange coupling 44 and the intake 
pipe 45. 

However, because these generated gases are at extremely high temperature, they 
are firstly cooled to a approximately 400° C by the cooler 46 provided at the reaction pipe 
15 before they pass into the intake pipe 45. 

At this temperature, because there is no recondensation of the water vapor 
remaining inside the reaction pipe 15, the reaction pipe 15 is held in a dry state and there 
is no plasma loss. 

On the other hand, the cooling water of the cooler 46 that has been heated to 
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approximately 50°C by cooling the reaction pipe 15 is fed to the heater 47 provided in 
the recovered fleon cylinder 28 where it prevents mist from being generated in the 
cylinder 28 and the pipes downstream thereof when the liquid fleon gas inside the 
recovered fleon cylinder 28 is vaporized, and suppresses pressure variations due to 
temperature reductions* 

The cooling water from which the heat has been taken by the above action can be 
reused as cooling water in the cooler 46 enabling the amount of water consumed to be 
kept extremely low. 

The generated gas that is discharged as bubbles from the distal end of the intake 
pipe 45 is divided into even smaller bubbles by the action of the blades 52d of the bubble 
dividing means 52. Therefore, the surface area thereof that comes into contact with the 
alkaline solution is increased and the time taken until the gas reaches the solution of the 
surface is lengthened. As a result, the neutralization reaction is accelerated. 

A portion of the neutral products created by the neutralization reaction remain in 
the alkaline solution as solid material, however, after the decomposition operation has 
been halted, this solid material is fed into the solid - liquid separator 62 together with the 
alkaline solution and the solids and liquid are separated. 

Next, variant example 1 of the first embodiment of the present invention will be 
described with reference to the drawings. 

Fig. 7 shows the essential portions of the system structure of the decomposition 
apparatus according to the present embodiment. In this diagram, the same structural 
elements as in the above first embodiment are given the same descriptive symbols and a 
description thereof is omitted. 

The symbol 71 denotes a temperature adjustment tank (a temperature adjustment 
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device). The recovered fleon cylinder 28 is immersed into the warm water contained in 
this temperature adjustment tank 71, 

The temperature adjustment tank 71 is provided to stabilize the volume flow rate 
of the fleon gas passing through a restricting apparatus 72 by holding the pressure of the 
saturated vapor inside the recovered fleon cylinder 28 constant. 

Namely, provided the recovered fleon inside the recovered fleon cylinder 28 exists 
in a liquid state, the recovered fleon exists in a two phase state of separation including 
saturated liquid 73 and saturated vapor 74, and the pressure and temperature of the 
saturated vapor 74 is determined by the type of the recovered fleon. Consequently, if the 
temperature of the saturated vapor 74 is controlled, it is possible to keep the pressure 
thereof constant. 

Therefore, in the present embodiment, it is possible to provide a heating means 
(not illustrated) such as a heater or the like in the temperature adjustment tank 71 and 
keep the temperature of the saturated vapor 74 substantially constant. 

If consideration is given to temperature reduction caused by adiabatic expansion 
when the saturated vapor 74 passes through the restricting apparatus 72, it is preferable if 
the temperature of the saturated vapor 74 to be held constant is set slightly higher. 

The symbol 75 denotes a heater for preventing pressure variations caused by this 
temperature reduction. 

Furthermore, in the present embodiment, by heating the recovered fleon gas 
cylinder 28 using the temperature adjustment tank 71, naturally it is possible to avoid 
generating mist when the saturated solution 73 is vaporized and, in addition, because the 
pressure of the saturated vapor 74 inside the recovered fleon cylinder 28 is kept 
substantially constant, the volume flow rate towards the heater 18 is stabilized. 
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As a result, the plasma is stable for a long period of time and it is possible to 
guarantee the desired decomposition treatment performance. 

Next, another variant example, 2, of the first embodiment of the present invention 
will be described with reference to the drawings. 

Because the schematic structure of this decomposition apparatus is substantially 
the same as that according to variant example 1 of the first embodiment, it will be 
described below with reference made to Fig. 7, 

The temperature and pressure Ps of the saturated vapor 74 inside the recovered 
fleon cylinder 28 is determined by the type of the recovered fleon, as was described 
above, however, when the pressure Ps and the temperature have been determined, all of 
the quantities of states of the specific volumes and the like in each state including the 
saturated solution 73, the saturated vapor 74, the wet vapor, the heated vapor, and the 
like are determined. 

Then, from the size relationship between the critical pressure Psc determined from 
Formula 3 using the above quantities of state and the pressure Ps of the saturated vapor 
74, the volume flow rate Q of the fleon gas flowing out from the recovered fleon 
cylinder 28 and passing through the restricting apparatus 72 is associated in the manner 
shown in Formula 4. 

The symbol p in these formulas denotes the pressure downstream from the 
restricting apparatus 72 and the value thereof is substantially the value of the 
atmospheric pressure and is constant. 
(Formula 3) 

If the pressure ratio ^ = Ps/p and the gas adiabatic exponent is k, the critical 
pressure Psc is found by 
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Psclp-- 



(Formula 4) 

when Ps ^ Psc (referred to below as state a), then 
when Ps > Psc (referred to below as state b), then 

wherein A p = Ps - p and A is the cross sectional area of the aperture of the 
restricting apparatus 72. 

As is clear from Formula 4, for a large portion of the decomposition operation, the 
amount of gas is sufficient and meets the conditions for state b. As a result, the volume 
flow rate Q in this state is determined only by the aperture cross sectional area A. 

If, however, the gas amount decreases and the pressure Ps falls below a 
predetermined value, the state changes to state a and, therefore, the volume flow rate Q 
is determined by the aperture cross sectional area A and the differential pressure A p. 

Further, in the decomposition apparatus of the present embodiment, by changing 
the aperture cross sectional area A in accordance with the relationship between the 
pressure Ps of the saturated vapor 74 and the critical pressure Psc, it is possible to 
stabilize the volume flow rate Q of the fleon gas passing through the restricting 
apparatus 72, and it is also possible to obtain the desired decomposition treatment 
performance in the same way as in variant example 1 in the first embodiment. 

Moreover, by controlling the temperature of the saturated vapor 73, it is possible to 
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selectively control the volume flow rate Q under the conditions of either state a or state b. 
Therefore, it is also possible to choose the precision of the control. 

Next, another variant example, 3, of the first embodiment of the present invention 
will be described. 

Because the schematic structure of this decomposition apparatus is substantially 
the same as that according to variant example 1 of the first embodiment, it will be 
described below with reference made to Fig. 7. 

This decomposition apparatus obtains stabilization of the volume flow rate Q 
flowing out from the restricting apparatus 72 by controlling the differential pressure A p 
(= PI - p) at the restricting apparatus 72, namely, the entry pressure PI of the restricting 
apparatus 72. 

Here, in state b, because the volume flow rate Q is determined only by the aperture 
cross sectional area A, as was stated above, there is no reason to control the entry 
pressure PI. 

In contrast, in state a, because the volume flow rate Q is determined by the aperture 
cross sectional area A and the differential pressure A p, by making the differential 
pressure A p constant, it is possible to make the volume flow rate Q constant. 

Because of this, in this decomposition apparatus, a pressure control valve (not 
illustrated) is placed between the recovered fleon cylinder 28 and the restricting 
apparatus 72, and the restricting apparatus 72 is formed from an orifice, a capillary pipe, 
and a differential pressure control valve. 

This pressure control valve is used to adjust the exit pressure to the set value and a 
known constant pressure expansion valve is employed therefor. 

Further, in the decomposition apparatus of the present embodiment, because the 
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pressure Ps is kept at the desired entry pressure PI by a pressure control valve in state a, 
it is possible to stabilize the volume flow rate Q of the fleon gas passing through the 
restricting apparatus 72, and it is also possible to obtain the desired decomposition 
treatment performance in the same way as in variant examples 1 and 2. 

Next, yet another variant example, 4, of the first embodiment of the present 
invention will be described with reference to the drawings. 

Fig. 8 is a view showing the principal portions of the system structure of a 
decomposition apparatus according to the present embodiment. In this diagram, the same 
structural elements as in the above first embodiment and the variant example 1 thereof 
are given the same descriptive symbols and a description thereof is omitted. 

This decomposition apparatus inverts the recovered fleon cylinder 28 causing 
saturated solution 73 to flow out from the cylinder 28. A heating apparatus 81 is 
provided so as to cover the restricting apparatus 72 and the pipes downstream thereof. 

In this structure, because there is no critical pressure Psc, as there is in the above 
embodiment, the volume flow rate Q passing through the restricting apparatus 72 is 
determined by the aperture cross sectional area A and the differential pressure A p. 

Accordingly, by controlling the saturation temperature using the heating apparatus 
81 so that the differential pressure A p is kept constant until the saturated solution 73 is 
almost completely gone, it is possible to stabilize the volume flow rate Q of the fleon gas 
passing through the restricting apparatus 72, and it is also possible to obtain the desired 
decomposition treatment performance in the same way as in variant examples 1 to 3. 

At this time, because the amount of heat taken from the surrounding area when the 
saturated solution 73 is vaporized is far greater than the amount of heat taken during the 
adiabatic expansion by the restrictmg apparatus 72, it is preferable that the saturated 
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vapor 74 is heated by the heating apparatus 81 so as to become superheated vapor at the 
entrance of the mist separator 32. 

Note that the decomposition apparatus for organic halogen compounds according 
to the present invention is not limited to the above embodiments and may include the 
embodiments described below. 

(1) Instead of the orifice 38 it is also possible to fill the mixer 37 with beads or the like 
as a means for accelerating the mixing inside the mixer 37. 

In this structure, the mixing is accelerated because the fleon gas and the like and 
the water vapor circulate at random through the gaps formed in the mixer 37. 

(2) It is also possible to place a plurality of baffle plates at intervals on the inner 
peripheral surface of the mixer 37, for example, alternating in the vertical and horizontal 
directions (i.e. a static mixer). 

In this structure, because the fleon gas and the like and the water vapor are 
circulated in a zigzag fashion, the mixing is accelerated. 

(3) It is also possible to place the piping that is connected to the entry side of the mixer 
37 at an inclination relative to the flow direction, and to provide a spirally extending 
guide plate at the inner peripheral surface of the mixer 37 (i.e. a swirl mixer). 

In this structure, because the fleon gas and the like and the water vapor are 
circulated in a spiral fashion, the mixing is accelerated. 

(4) Instead of placing the distal end of the Tesla coil 14 mside the electric discharge 
pipe 5, it is also possible to place it outside the electric discharge pipe 5 and to achieve 
ignition by spark discharge. 

(5) Instead of using the cooling water used to cool the reaction pipe 15 to heat the 
recovered fleon cylinder 28, it is possible to use the cooling water from the cooler 53 
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used for the slurry cooling in the exhaust gas treatment tank 41. 

(6) As described above, the distance that the distal end of the inner pipe 11 is from the 
distal end of the probe antenna 9a inside the outer pipe 12 is optimally set to the same 
distance as the distal end of the probe antenna 9a is from the portion where the 
microwave energy converges, provided that the outer pipe 12 is not melted, however, it 
is also possible to alter this considering the melting of the outer pipe 12. 

(7) The neutral solution stored in the exhaust gas treatment tank 41 is not limited to 
the above alkaline suspension solution and it is also possible to use an aqueous alkaline 
solution such as a sodium hydroxide aqueous solution or the like. 

(8) The mist separator 32 is not limited to the placement shown in each of the 
drawings, and may be placed in an optional position provided that it is on the route from 
the recovered fleon cylinder 28 to the gas supply pipe 16. 

(Second Embodiment) 

The second embodiment of the present invention will now be described with 
reference to Figs. 10 through 15. The square wave guide 101 extending m the horizontal 
direction in Fig. 12 is provided with a microwave transmitter 102 at the starting end 
portion thereof (i.e. the left hand side in the drawing) for transmitting microwaves at a 
frequency of 2.45 GHz and sending these microwaves from the starting end side towards 
the terminal end side (i.e. towards the right hand side of the drawing). 

As is shown in Fig. 10, the square wave guide 101 is provided with an isolator 103 
for preventing reflected microwaves that are reflected by the terminal end side so as to 
end up coming back towards the starting end side from affecting the transmitting side by 
absorbing these microwaves. The square wave guide 101 is also provided with a tuner 
106 which causes each of a plurality of wave motion adjusting members 104 to be 
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inserted or retracted so as to adjust the amount of inconsistency in the wave motion and 
thereby converge the electric waves at the electric discharge pipe 105. 
This operation is described below in more detail. 

The microwave transmitter 102 drives a magnetron placed at one end of a wave 
guide pipe having a rectangular cross section so as to radiate electromagnetic waves in a 
predetermined frequency. The characteristics of the propagation phenomenon of these 
electromagnetic waves could be ascertained by solving Maxwell's wave motion equation 
for electromagnetic waves, however, the end result is that the waves are propagated as 
electromagnetic TE waves that have no electric field component in the propagation 
direction. 

An example of these primary components TEio is shown by the propagation 
directions in the rectangular wave guide pipe in Fig. 11 by the orthogonally intersecting 
arrows. 

Moreover, TM waves having electric field components in the direction of 
movement are generated in the annular cavity portion of a double circular cylinder wave 
guide pipe including a double circular cylinder conductor at the other end portion of the 
rectangular wave guide pipe 101 by the bonding action of the electromagnetic waves 
propagated in the wave guide pipe 101 with the electromagnetic waves reflected by the 
end of the pipe caused by the conductor 109. 

The TMoi waves that form this primary component are shown by the arrows in the 
annular cavity portion in Fig. 11. 

Delicate adjustment of the propagation of the wave motion of the electromagnetic 
waves arising from secondary and greater higher harmonics is made by the tuner 104. 

The isolator 103 protects the transmitter 102 from basic damage. 
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In this way, a stable mode TMoi electric field is formed inside the circular cylinder 
wave guide pipe 107. 

Naturally, a magnetic field is generated in a direction orthogonally intersection the 
electric field. 

Because substances inserted into the relevant portion by the vibrating 
electromagnetic field are heated to a plasma state, if a high voltage is applied to 
electrodes 113 connected to the ignition device 113, an electric spark discharge is 
generated between the electrode 113 and an inner conductor 109 and ignition takes place. 

As is shown in Fig. 11, the circular cylinder wave guide pipe 107 is formed from 
an outer conductor 108 and an inner conductor 109 having a smaller diameter than the 
outer conductor 108. The circular cylinder wave guide pipe 107 is connected to the 
vicmity of the terminal end portion of the square wave guide pipe 101 so as to extend in 
a vertical direction while communicating with the square wave guide pipe 101. 

The inner conductor 109 is fixed to the top portion of the square wave guide pipe 
101 and extends towards an end plate 108A of the outer conductor 108 while 
surrounding a quartz electric discharge pipe 105. This extended portion forms a probe 
antenna 109a. 

The electric discharge pipe 105 is formed from an inner pipe 111 and an outer pipe 
112 and is placed so as to be coaxial with the central axis of the circular cylinder wave 
guide pipe 107. 

Moreover, a Tesla coil 114 for generating heat using the ignition device 113 is 
inserted inside the inner pipe 111 of the electric discharge pipe 105. 

The distal end (the bottom end) of the inner pipe 111 is placed exactly a 
predetermined distance from the distal end of the probe antenna 109a on the inner side of 
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the distal end of the outer pipe 112, 

This distance is set to be the same as the distance as, for example, the distal end of 
the probe antenna 109a and the convergence portion where the energy from the 
microwaves converges. 

The distal end portion of the outer pipe 112 communicates with a copper reaction 
pipe 115 through the end plate 108A of an outer conductor 108. The proximal end (i.e. 
the top end in the drawing) of the outer pipe 112 is mounted with a gap between itself 
and the inner conductor 109. 

The symbol 117 denotes an optical sensor facing towards the outer pipe 112 that is 
exposed between the end plate 108A of the outer conductor 108 and the reaction pipe 
115. 

This optical sensor 117 monitors the state of plasma generation by detecting the 
luminosity. 

A gas supply pipe 116 is inserted into the above gap at a tangential direction to the 
outer pipe 112. Argon gas, fleon gas (organic halogen compounds), air, and water vapor 
are supplied to the electric discharge pipe 105 via the gas supply pipe 116. 

The argon gas, fleon gas, and air are selectively fed to the heater 118 from their 
respective supply sources by the opening and closing of the electromagnetic valves 119a, 
119b, and 119c shown in Fig. 10. 

Because the argon gas is supplied in order to facilitate the ignition prior to the 
plasma generation, it is stored in an argon cylinder 121. 

A pressure adjuster 122 and a pressure switch 123 are provided between the argon 
cylinder 121 and the electromagnetic valve 119a. 

Air is supplied from an air compressor 124 in order to increase the stabiUty of the 
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ignition by removing moisture remaining in the system and in order to expel gas 
remaining in the system. Atmospheric air, nitrogen gas, argon gas, and the like may be 
used for this air. 

Because water vapor is necessary for the decomposition of the fleon gas, it is 
generated by feeding water from a water storage tank 126 using a plunger pump 125 to 
the heater 118. 

A level switch 127 is provided in the water storage tank 126 for detecting 
variations in the water level. 

The fleon gas is wet stored in a recovered fleon cylinder 128. A restricting 
apparatus 131, a mist separator 132, and a pressure switch 133 are provided between the 
recovered fleon cylinder 128 and an electromagnetic valve 119b. 

The restricting apparatus 131 is provided in order to obtain a constant flow rate 
and may be formed from a capillary pipe and orifice combination, for example. 

The mist separator 132 is intended to remove oil elements (lubricating oil), 
moisture, as well as solid elements such as sludge that are contained in the fleon gas, and 
an impact type or filter type separator is used. 

The heater 118 not only generates water vapor for reacting with the fleon gas, but 
is also intended to prevent trouble, such as water vapor inside the apparatus being cooled 
by the fleon gas and the like and recondensing, by heating the fleon gas and the like in 
advance. An electric type or steam type of heating method is employed in the heater 118. 

As is shown in Fig. 14, the heater body 118a is formed by casting a heat generating 
coil 118b, for example, (or a steam pipe or the like) in molten aluminum. Two parallel 
flow passages 134a and 134b are formed inside the heater body 118a, 

Fleon gas, argon gas, and air are circulated through one flow passage (the second 
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flow passage) 134a, while water from a water storage tank 126 (the water supply source) 
is circulated through the other flow passage 134b, 

A filling material 135, which blocks the flow passage 134b while leaving a gap 
running from the entry side to the exit side thereof, is provided in the flow passage 134b. 

An organic or inorganic granulated member, a fibrous member, a porous member, 
or the materials that form these may be employed for the filling material 135, however, 
from the viewpoint of preventing deterioration under high temperature, it is preferable 
that the material be an inorganic material such as oxides, carbides, nitrides, and the like 
typified by SiOz, AI2O3, TiOa, MgO, ZrOa, and the like. 

Note that a thermocouple 136 is provided in the vicinity of the exit of the heater 

118. 

Fleon gas and the like and water vapor that have transited the heater 118 are mixed 
together in a mixer 137 and thereafter supplied to electric discharge pipe 115 via the gas 
supply pipe 116. 

As is shown in Fig. 13, an orifice 138 is provided inside the mixer 137. The 
aperture 138a of the orifice 138 is set to between ({> 0.1 to 5mm. 

The exit end surface 137A of the mixer 137 that is faced by the aperture 138a 
forms an inclined face with the cross section of the flow passage becoming gradually 
smaller. 

An exhaust gas treatment tank 141 is provided in order to render harmless acidic 
gas (hydrogen fluoride and hydrogen chloride) generated when the fleon gas is 
decomposed by neutralizing it. An alkaline suspension solution including water to which 
calcium hydroxide has been added is contained in the exhaust treatment tank 141. 

For example, if the fleon gas to be decomposed is fleon R12 for use as a refrigerant 
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that has been recovered from discarded refrigerators, the gas generated by the 
decomposition reaction shown in Formula 5 can be rendered harmless by the 
neutralization reaction shown in Formula 6. 
(Formula 5) 

CCI2F2 + 2H2O ^ 2HC1 + 2HF + CO2 
(Formula 6) 

2HC1 + Ca (0H)2 CaCh + 2H2O 

2HF + Ca (0H)2 ^ CaF2 + 2H2O 
Because the solubility of the neutralized product (ix. the calcium chloride and the 
calcium fluoride) created in the neutralization reaction shown in Formula 6 is low, a 
portion thereof dissolves in the alkaline solution, however, the majority thereof exists as 
slurry. 

Moreover, the carbon dioxide generated in the decomposition reaction in Formula 
5 and the acidic gas that has been reduced by the neutralization reaction in Forumula 6 to 
slightly below a discharge reference value are discharged to the outside by a blower 143 
from a discharge duct 142 connected to the top of the exhaust gas treatment tank 141. 

An intake pipe 145 connected to the reaction pipe 115 via an exchange coupling 
144 is placed inside the exhaust gas treatment tank 141 so as to extend in a vertical 
direction with the bottom end portion thereof immersed in the alkali solution. 

The distal end 145a of the intake pipe 145 is formed so as to be slanted at a 
predetermined angle relative to the vertical direction. 

A cooler 146 provided with cold water pipes (not illustrated) is provided at the 
periphery of the reaction pipe 115. 

The cooler 146 is provided to cool the gas generated by the decomposition reaction 
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shown in Formula 5, however, it is controlled so that it only cools to above the dew point 
so as to prevent recondensation of the water vapor remaining inside the reaction pipe 
115. 

In the present embodiment, the gas is cooled to approximately 400"*. 

Effective use is made of the cooling water in the cooler 146 that has been warmed 
up from cooling the reaction pipe 115 (i.e. the warm water) by using it as a source of 
heat for heating the recovered fleon gas cylinder 128. 

Namely, a heater 147 provided with warm water pipes (not illustrated) is provided 
at the periphery of the recovered fleon cylinder 128, and the recovered fleon cylinder 128 
is heated by allowing cooling water that has been used to cool the reaction pipe 115 to 
circulate through the warm water pipes. 

As is shown in Fig. 11, the exchange coupling 144 is able to be connected and 
disconnected between the reaction pipe 115 and the intake pipe 145 and a water injection 
nozzle 151 communicates with the interior of the exchange coupling 144. 

Cooling water is sprayed from the water injection nozzle 151 so that the intake 
pipe 145 made from a resin, for example, Teflon is rapidly cooled to within a heatproof 
temperature range. 

It should be noted that, if the intake pipe 145 is a Teflon pipe, it is cooled to lOO^'C 
or less. 

The reason why the intake pipe 145 is made from resin is because the intake pipe 
145 needs to have sufficient corrosion resistance to both the acidic solution formed when 
the acidic gas is dissolved in the cooling water and to the alkaline solution contained 
inside the exhaust gas treatment tank 141, and this is difficult to achieve with a metallic 
material. 
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In contrast, in the case of the reaction pipe 115, while the interior thereof is always 
in a dry state and thus has little likelihood of being corroded, it does need to have heat 
resistance. Therefore, by forming it from copper, it can be given a lengthy life span. 

Gas generated by the decomposition reaction shown in Formula 5 is bubbled 
through the alkaline solution from the distal end (bottom end) of the intake pipe 145 and 
then discharged. 

Because the neutralizing reaction in the alkaline solution is accelerated the greater 
the area of contact between the gas bubbles and the alkaline solution and the longer the 
time before the gas bubbles reach the surface of the solution, a bubble dividing means 
152 is provided in the exhaust gas treatment tank 141 for accelerating the neutralization 
reaction shown in Formula 6 by dividing the gas bubbles into even smaller bubbles. 

The bubble dividing means 152 is formed from a shaft portion 152b rotated by a 
motor 152a, a disc shaped blade holding portion 152c fixed to the distal end of the shaft 
portion 152b, and six blades 152d fixed to the outer edge portion of the blade holding 
portion 152c. 

The shaft portion 152b, the blade holdmg portion 152c, and the blades 152d are all 
made from SUS material. The blades 152d intersect the blade holding portion 152c and 
are fixed by silver solder thereto at equal intervals in the peripheral direction. 

The reason for fixing the blades by silver solder in this way is because general 
welds are extremely susceptible to corrosion in the alkaline solution. 

The bubble dividing means 152 are provided such that the center of the blade 
holding portion 152c is positioned above the distal end of the reaction pipe 115. The 
bubbles that float up from the distal end of the reaction pipe 115 strike the blades 152d 
which are rotating at 300 rpm and are divided further into bubbles having a diameter of 
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between about 3 to 5 mm. 

The bubble dividing means 152 also fulfills the function of creating a suspension 
solution of water and calcium hydroxide that does not dissolve in water by stirring in 
calcium hydroxide powder added to the exhaust gas treatment tank 141. 

Moreover, because the neutralization reaction shown in Formula 6 is a heat 
generating reaction, a cooler 153 is provided in the exhaust gas treatment tank 141 for 
cooling the tank internal temperature to below the heatproof temperature of the intake 
pipe 145. 

In the cooler 153, a portion of the piping connected to a heat discharge section 
153b, which is cooled by a fan 153a, is inserted into the exhaust gas treatment tank 141 
and heat is removed by circulating a cooling medium such as water or the like through 
this piping and is then discharged in the heat discharge section 153b, 

The temperature inside the tank is detected by a thermocouple 154. 
Moreover, a pH sensor 155 is also provided in the exhaust gas treatment tank 141. 
The pH value of the alkaline solution is constantly monitored by a control device 
161 via the pH sensor 155 and when the pH value reaches 9 (after starting at between 11 
and 12), for example, a warning means is operated upon an instruction from the control 
device 161 and the decomposition operation is halted. 

Any warning means may be employed provided that it can summon the attention of 
those nearby and a means may be employed that flashes a lamp on and off, for example, 
or sounds a warning siren. 

Because the slurry inside the exhaust gas treatment tank 141 gradually increases as 
the operating time becomes longer, after the operation thereof has been halted, the slurry 
is received together with the alkaline solution by a solid - liquid separator 162 and the 
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solids and liquids are separated. Thereafter, the slurry is either disposed of as waste 
material or used in other applications. 

The separated alkaline solution, however, is returned to the exhaust gas treatment 
tank 141 once more and is reused. 

Note that any variations in the level of the solution in the exhaust gas treatment 
tank are detected by the level switch 156. 

In a decomposition apparatus for an organic halogen compound having the above 
structure, the electromagnetic valve opening and closing operations and the Tesla coil 
114 ignition operations are controlled by the control device 161 as is shown in Fig. 15. 

As is clear from this diagram, in this decomposition apparatus, fleon gas is 
decomposed by batch treatment in 8-hour cycles. 

Namely, before the fleon gas and water vapor are supplied, firstly air is supplied 
for a predetermined time (3 minutes) in order to remove remaining moisture. After the 
air supply has been stopped, the supply of argon gas is started in order to improve the 
ignition stability. 

While the argon gas is being supplied, microwaves are transmitted and ignition is 
carried out using the Tesla coil. At the same time, water vapor and fleon gas are supplied 
and, thereafter, the supply of the argon gas is halted. 

After the decomposition operation has been halted, air is supplied to the reaction 
pipe 115 for a predetermined time (5 minutes) in order to ensure stability and the 
residual acidic gas is purged. 

The air used to purge the gas is supplied from the air compressor 124 via the gas 
supply pipe 116 with the electromagnetic valves 119a and 119b closed and the 
electromagnetic valve 119c opened. 
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In the above steps, there are times when the supply of the argon gas and the supply 
of the fleon gas overlap, however, these times from the starting of the supply of the fleon 
gas to the halting of the supply of the argon gas are extremely short and therefore pose 
no problems. 

The reason for this is that, as long as the ignition state has been made stable, there 
is no longer any need to keep supplying the argon gas, and also from the standpoint of 
lowering costs, there is a need to keep the amount of argon consumption low. 

Moreover, the control device 161 is constantly monitoring the supply pressure of 
the argon gas and fleon gas to the heater 118, the level of water in the water storage tank 
126, the state of plasma generation, and the temperature and level of the solution inside 
the exhaust gas treatment tank 141 by receiving signals from various sensors such as the 
pressure switches 123 and 133, thermocouples 136 and 154, level switches 127 and 156, 
and the optical sensor 117, When one of these strays from the prescribed value, a 
concern arises that the operation is not being performed normally or efficiently and the 
operation is halted. 

After the operation has been halted, air is supplied as described above in order to 
guarantee stability and the remaining gas within the apparatus is scavenged. 

The operation of the decomposition apparatus of the present embodiment will now 
be described. 

In this decomposition apparatus, firstly, the electromagnetic valves 119a and 119b 
are closed and the electromagnetic valve 119c is opened, thereby supplying air for three 
minutes from the air compressor 124 to the electric discharge pipe 105 via the gas supply 
pipe 116, 

Because this air is heated to between 100 and 180°C by passing through the heater 
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118, the remaining moisture inside the apparatus can be definitely removed. 

Next, the electromagnetic valve 119c is closed and the electromagnetic valve 119a 

is opened, thereby supplying argon gas to the electric discharge pipe 105. 

At this time, because the argon gas is supplied from a direction tangential to the 

outer pipe 112 and flows down in a spiral configuration, sediment is formed in the 

vicinity of the distal end of the iimer pipe 111 enabling the plasma to be easily held. 
Moreover, the gas supply at this time is set at 4 to 40 1/min and more desirably to 

15 i/min or more. 

Within this setting range, the sediment is effectively formed and the plasma can be 
held more easily. In addition, the electric discharge pipe 105 tends not to be thermally 
affected by the plasma and melting deformation and damage thereto can be effectively 
prevented. 

Moreover, at fixed intervals after the start of the argon gas supply microwaves are 
transmitted from the microwave transmitter 102, 

The microwaves are transmitted by the square wave guide 101 towards the rear end 
side thereof and then transmitted further towards the circular cylinder wave guide 107. 

At this time, a TMoi mode having a high strength electrical field is formed as the 
electric field inside the circular cylinder wave guide 107. Moreover, because the electric 
field mode inside the square wave guide 101 and the electric field mode inside the 
circular cylinder wave guide 107 are coupled by the inner conductor 109, the electric 
field inside the circular cylinder wave guide 107 is stabilized. 

Next, a heat is generated in the Tesla coil 114 by the ignition device 113 thereby 
causing ignition. 

At this time, because moisture inside the electric discharge pipe 105 is removed by 
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air and easily ignitable argon gas is supplied thereto in advance, the ignition is 
simplified. 

Next, water is pumped out from the water storage tank 126 by the plunger pump 
125 and the water vapor generated by passing this through the heater 118 is supplied to 
the electric discharge pipe 105, 

The water allowed to flow into the heater 118 is not able to circulate smoothly 
through the flow passage because of the filling material 135 provided in the flow passage 
134b, and also, as the water flow is divided into each of the gaps in the flow path, it is 
heated not only by the inner wall surface of the flow passage 134b, but also from the 
iimer side as well.. Therefore, the water inside the heater 118 is heated uniformly and 
changed into water vapor as the water is in contact with the heater 118 for a sufficient 
length of time and a sufficient surface area of the water is in contact with the heater 118. 

Moreover, because the generated water vapor is also unable to circulate smoothly 
through the flow passage 134b, a constant amount of water vapor is always maintained 
inside the heater 118. 

In addition, it is possible to prevent water splashes caused by rippling and sudden 
boiling by using the heater 118 and to stabilize the water vapor outflow rate, and it is 
also possible to effectively suppress variations in the flow amount upstream of the mixer 
137. 

Accordingly, the decomposition reaction can be stabilized without causing any 
plasma loss and an improvement in the treatment performance can be achieved. 

Further, by using the above inorganic material for the filling material 135 it is 
possible to effectively prevent any deterioration thereof at high temperatures and to 
continuously maintain the treatment performance for long periods of time. 
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Moreover, because the heater 118 and a preheating heater for the fleon gas, which 
is required to prevent the water vapor from recondensing, are formed integrally, it is 
possible to achieve effective use of the heat source and the space available. 

Next, the electromagnetic valve 119b is opened and fleon gas is supplied to the 
electric discharge pipe 105. 

At this time, oil elements and moisture in the fleon gas discharged from the 
recovered fleon cylinder 128 are removed when the gas passes through the mist separator 
132. 

As a result, the generation of byproducts and contamination of the pipes and the 
like caused by lubricating oil in the fleon gas is suppressed, and the efficient and stable 
supply of fleon gas and the like is made possible. Moreover, the supply of excess 
moisture can be prevented and there is no plasma loss. 

Accordingly, the plasma can be stabilized and it is possible to obtain an 
improvement in the treatment performance. 

After the water vapor, argon gas, and fleon gas that have passed through the heater 
118 and been fed into the mixer 137 have struck the orifice 138, the direction of the flow 
thereof is changed and they become more thoroughly mixed together by colliding with 
each other. 

Moreover, because turbulence forms downstream of the orifice 138, the fleon gas 
and the like that passes through the aperture 138a is also mixed up downstream of the 
orifice as well. 

Furthermore, in the present embodiment, because the mixing of the fleon gas and 
the like is accelerated by colliding against the end surface 137A on the exit side, they 
leave the mixer 137 in a more uniformly mixed state and are thus supplied to the electric 
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discharge pipe 105. 

As a result, there is sufficient decomposition reaction according to Formula 5 and 
it is possible to suppress the generation of byproducts such as chlorine gas and carbon 
monoxide. 

When microwaves are irradiated onto the fleon gas supplied thus to the electric 
discharge pipe 105, the level of electronic energy in the electric discharge pipe 105 is 
high and thermal plasma heated to a temperature of 2000K to 6000K is generated. 

At this time, because argon gas is supplied to the electric discharge pipe 105 at the 
same time as the fleon gas and the water vapor, there is no plasma loss. 

Because the distal end of the inner pipe 111 is placed exactly a predetermined 
distance towards the inner side than the distal end of the probe antenna 109a, it is 
possible to avoid the generated plasma being thermally affected and to prevent the inner 
pipe 111 from being damaged by melting. 

As a result, there is no marked deformation of the state of the plasma and a stable 
decomposition reaction is made possible. 

Moreover, because the fleon gas is placed in a state in which it can be easily 
separated into chlorine atoms, fluorine atoms, and hydrogen atoms by the thermal plasma 
generation, it is easily decomposed by reacting with the water vapor, as is shown in 
Formula 5. 

When the plasma is stable the electromagnetic valve 119a is closed and the supply 
of argon gas is halted. 

The gas generated by the decomposition reaction is discharged into the alkaline 
solution in the exhaust gas treatment tank 141 via the exchange coupling 144 and the 
intake pipe 145. 
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However, because these generated gases are at extremely high temperature, they 
are firstly cooled to a approximately 400°C by the cooler 146 provided at the reaction 
pipe 115 before they pass into the intake pipe 145. 

At this temperature, because there is no recondensation of the water vapor 
remaining inside the reaction pipe 115, the reaction pipe 115 is held in a dry state and 
there is no plasma loss. 

On the other hand, the cooling water of the cooler 146 that has been heated to 
approximately 50°C by cooling the reaction pipe 115 is fed to the heater 147 provided in 
the recovered fleon cylinder 128 where it prevents mist from being generated in the 
cylinder 128 and the pipes downstream thereof when the liquid fleon gas inside the 
recovered fleon cylinder 128 is vaporized, and suppresses pressure variations due to 
temperature reductions. 

The cooling water from which the heat has been taken by the above action can be 
reused as cooling water in the cooler 146 enabling the amount of water consumed to be 
kept extremely low. 

The generated gas that has been cooled by the cooler 146 undergoes further rapid 
cooling to less than approximately 100°C as it passes through an exchange coupling 144 
from cooling water sprayed from a water spray nozzle 151. 

As a result, it is possible to use the resin intake pipe 145 within its heat proof 
temperature range and it can be protected against heat damage caused by high 
temperatures. 

At this time, because acidic liquid is created as the gas generated in the 
decomposition reaction of Formula 5 is dissolved in the cooling water, the exchange 
coupling 144 is gradually corroded and, in some cases, should be replaced depending on 
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the extent of the corrosion. 

Namely, because only the exchange coupling 144 needs to be replaced because of 
corrosion downstream from the reaction pipe 115, costs can be reduced and the task of 
replacement simplified. 

The generated gas that is discharged through the intake pipe 145 into the alkaline 
solution is rendered harmless by the neutralization reaction in Formula 6 and discharged 
via the exhaust ducts 142. 

Because this neutralization reaction is a heat generating reaction, the temperature 
of the alkaline solution is maintained at below 70°C by the cooler 153 so as to protect 
the intake pipe 145 from heat damage. 

The generated gas that is discharged as bubbles from the distal end of the intake 
pipe 145 is divided into even smaller bubbles by the action of the blades 152d of the 
bubble dividing means 152. Therefore, the surface area thereof that comes into contact 
with the alkaline solution is increased and the time taken until the gas reaches the 
solution of the surface is lengthened. Consequently, the neutralization reaction is 
accelerated. 

As a result, there is no discharging of an amount of acidic gas exceeding a 
reference value to the outside of the system caused by the neutralization reaction being 
insufficient. 

The neutral products created by the neutralization reaction remain in the alkaline 
solution as slurry, however, after the decomposition operation has been halted, this slurry 
is fed into the solid - liquid separator together 162 with the alkaline solution and the 
solids and liquid are continuously separated. 

Because this separated solution is returned to the exhaust gas treatment tank 141 
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for reuse, in the present embodiment, this coupled with the reuse of the cooling water 
enables the amount of water consumption to be greatly reduced. 

Moreover, safety can also be increased by running the air compressor 124 after the 
decomposition operation has been halted in order to clean out any acidic gas still 
remaining in the apparatus. 

Note that the decomposition apparatus for organic halogen compounds according 
to the present invention is not limited to the above embodiments and may include the 
embodiments described below. 

(1) Instead of the orifice 138 it is also possible to fiU the mixer 137 with beads or the 
like as a means for accelerating the mixing inside the mixer 137. 

In this structure, the mixing is accelerated because the fleon gas and the like and 
the water vapor circulate at random through the gaps formed in the mixer 137. 

It is also possible to place a plurality of baffle plates at intervals on the inner 
peripheral surface of the mixer 137, for example, alternating in the vertical and 
horizontal directions (i.e. a static mixer). 

In this structure, because the fleon gas and the like and the water vapor are 
circulated in a zigzag fashion, the mixing is accelerated. 

It is also possible to place the piping that is connected to the entry side of the mixer 
137 at an inclination relative to the flow direction, and to provide a spirally extending 
guide plate at the inner peripheral surface of the mixer 137 (i.e. a swirl mixer). 

In this structure, because the fleon gas and the like and the water vapor are 
circulated in a spiral fashion, the mixing is accelerated, 

(2) Instead of pH control of the alkaline solution as a means for avoiding the discharge 
of acidic gas to the outside of the system caused by the neutralization reaction being 
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insufficient, it is also possible to perform control using a motor current value. 

Namely, if the number of motor revolutions decreases or stops, the bubbles being 
discharged from the intake pipe 145 are not being sufficiently divided and the 
neutralization reaction may not be being performed satisfactorily. 

Therefore, if any abnormalities in the motor revolutions are detected based on the 
motor current value and the operation of the decomposition apparatus is halted by an 
instruction from the control device 161, it is possible to prevent the discharge of acidic 
gas to the outside of the system. 

(3) Because the interior of the reaction pipe 115 is kept in a dry state, there is 
practically no corrosion effect caused by acidic gas generated by the decomposition 
reaction of Formula 5, 

However, in order to improve the safety even more, it is also possible to install a 
simple booth enveloping the reaction pipe 115 and place an exhaust gas sensor for 
detecting CO2 gas, CO gas and the like between the booth and the reaction pipe 115. 

In this structure, the extent of corrosion of the reaction pipe 115 can be constantly 
monitored by the control device 161 via these exhaust gas sensors. Therefore, even if the 
reaction pipe 115 corrodes and gas generated by the decomposition reaction of Formula 
5 escapes from the reaction pipe 115, the operation of the decomposition apparatus can 
be halted by an instruction from the control device 161 and the discharge of acidic gas to 
the outside of the system can be prevented by suctioning the escaped gas. 

In this case, the gas suction can also be performed by the blower 143 provided in 
the exhaust duct 142, 

(4) Because the slurry inside the exhaust gas treatment tank 141 precipitates to the 
bottom if it is left overnight after operations have been halted, it is also possible to pump 
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out the precipitated high concentration slurry using a pump and to dispose of this using 
the solid - liquid separator. 

In this case, because it is possible to pump out the high concentration slurry only 
without it being mixed in with free alkaline, highly efficient slurry treatment is possible. 

Moreover, if a granulating agent or an agglomerating agent or the like is added to 
the alkaline solution so as to increase the granularity of the slurry, the precipitation time 
can be shortened, and even more efficient slurry treatment can be performed. 

(5) Instead of placing the distal end of the Tesla coil 114 inside the electric discharge 
pipe 105, it is also possible to place it outside the electric discharge pipe 105 and to 
achieve ignition by spark discharge. 

(6) Instead of changing the fleon to a gas state by heating the recovered fleon cylinder 
128 and then allowing this fleon gas to flow out, it is also possible to invert the 
recovered fleon cylinder 128 and to allow the recovered fleon to flow out in a liquid state. 
After the quantity of the flow has been made constant using a restricting apparatus such 
as a differential pressure control valve or the like, the fleon may then be heat vaporized 
and fed to the heater 118, 

In this case, flow variations caused by temperature reductions can be suppressed by 
heating the restricting apparatus and the pipes. 

(7) Instead of using the cooling water used to cool the reaction pipe 115 to heat the 
recovered fleon cylinder 128, it is possible to use the cooling water from the cooler 153 
used for the slurry cooling in the exhaust gas treatment tank 141. 

(8) As described above, the distance that the distal end of the inner pipe 1 1 1 is from 
the distal end of the probe antenna 109a inside the outer pipe 112 is optimally set to the 
same distance as the distal end of the probe antenna 109a is from the portion where the 
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microwave energy converges, provided that the outer pipe 112 is not melted, however, it 
is also possible to alter this considering the melting of the outer pipe 112, 

(9) The bubble dividing means 152 may also be a screw type apparatus in which a 
propeller is fixed to the distal end of a shaft portion. 

Further, each structural element 152b, 152c, and 152d of the bubble dividing 
means 152 may be made from a resin such as Teflon, and the bubble dividing means 
may be formed by joining these together using nuts and bolts. 

In this structure, because not only are there no welded portions, but each structural 
element 152b, 152c, and 152d is formed from resin, this apparatus has extremely good 
corrosion resistance. 

(10) Instead of placing the distal end portion of the intake pipe 145 at an inclined 
predetermined angle relative to the vertical direction, it may be formed substantially in a 
U shape. 

(11) The neutral solution stored in the exhaust gas treatment tank 141 is not limited to 
the above alkaline suspension solution and it is also possible to use an aqueous alkaline 
solution such as a sodium hydroxide aqueous solution or the like. 

(Third Embodiment) 

The third embodiment of the present invention will now be described with 
reference to Figs. 16 to 20. A square wave guide 201 extending in the horizontal 
direction in Fig. 18 is provided with a microwave transmitter 202 at the starting end 
portion thereof (i.e. the left hand side in the drawing) for transmitting microwaves at a 
frequency of 2.45 GHz and sending these microwaves from the starting end side towards 
the terminal end side (i.e. towards the right hand side of the drawhig)* 

As is shown in Fig. 16, the square wave guide 201 is provided with an isolator 203 
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for preventing reflected microwaves that are reflected by the terminal end side so as to 
end up coming back towards the starting end side from affecting the transmitting side by 
absorbing these microwaves. The square wave guide 201 is also provided with a tuner 
206 which causes each of a plurality of wave motion adjusting members 204 to be 
inserted or retracted so as to adjust the amount of inconsistency in the wave motion and 
thereby converge the electric waves at the electric discharge pipe 205. 
This operation is described below in more detail. 

The microwave transmitter 202 drives a magnetron placed at one end of a wave 
guide pipe having a rectangular cross section so as to radiate electromagnetic waves in a 
predetermined frequency. 

The characteristics of the propagation phenomenon of these electromagnetic waves 
can be ascertained by solving Maxweirs wave motion equation for electromagnetic 
waves, however, the result is that the waves are propagated as electromagnetic TE waves 
that have no electric field component in the propagation direction. 

An example of these primary components TEio is shown by the propagation 
directions in the rectangular wave guide pipe in Fig. 17 by the orthogonally intersecting 
arrows. 

Moreover, TM waves having electric field components in the direction of 
movement are generated in the annular cavity portion of a double circular cylinder wave 
guide pipe including a double circular cylinder conductor at the other end portion of the 
rectangular wave guide pipe 201 by the bonding action of the electromagnetic waves 
propagated in the wave guide pipe 201 with the electromagnetic waves reflected by the 
end of the pipe caused by the conductor 209. 

The TMoi waves that form this primary component are shown by the arrows in the 
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annular cavity portion in Fig. 17, 

Delicate adjustment of the propagation of the wave motion of the electromagnetic 
waves arising from secondary and greater higher harmonics is made by the tuner 204. 

The isolator 203 protects the transmitter 202 from basic damage. 

In this way, a stable mode TMoi electric field is formed inside the circular cylinder 
wave guide pipe 207, 

Naturally, a magnetic field is generated in a direction orthogonally intersection the 
electric field. 

Because substances inserted into the relevant portion by the vibrating 
electromagnetic field are heated to a plasma state, if a high voltage is applied to 
electrodes 213 connected to the ignition device 213, an electric spark discharge is 
generated between the electrode 213 and an inner conductor 209 and ignition takes place. 

As is shown in Fig. 17, the ckcular cylinder wave guide pipe 207 is formed from 
an outer conductor 208 and an inner conductor 209 having a smaller diameter than the 
outer conductor 208. The circular cylinder wave guide pipe 207 is connected to the 
vicinity of the terminal end portion of the square wave guide pipe 201 so as to extend in 
a vertical direction while communicating with the square wave guide pipe 201, 

The inner conductor 209 is fixed to the top portion of the square wave guide pipe 
201 and extends towards an end plate 208 A of the outer conductor 208 while 
surrounding a quartz electric discharge pipe 205. This extended portion forms a probe 
antenna 209a, 

The electric discharge pipe 205 is formed from an inner pipe 211 and an outer pipe 
212 and is placed so as to be coaxial with the central axis of the circular cylinder wave 
guide pipe 207. 
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Moreover, a Tesla coil 214 for generating heat using the ignition device 213 is 
inserted inside the inner pipe 211 of the electric discharge pipe 205. 

The distal end (the bottom end) of the inner pipe 211 is placed exactly a 
predetermined distance from the distal end of the probe antenna 209a on the inner side of 
the distal end of the outer pipe 212. 

This distance is set to be the same as the distance as, for example, the distal end of 
the probe antenna 209a and the convergence portion where the energy from the 
microwaves converges. 

The distal end portion of the outer pipe 212 communicates with a copper reaction 
pipe 215 through the end plate 208A of an outer conductor 208. The proximal end (i.e. 
the top end in the drawing) of the outer pipe 212 is mounted with a gap between itself 
and the inner conductor 209. 

The symbol 217 denotes an optical sensor facing towards the outer pipe 212 that is 
exposed between the end plate 208A of the outer conductor 208 and the reaction pipe 
215. 

This optical sensor 217 monitors the state of plasma generation by detecting the 
luminosity. 

A gas supply pipe 216 is inserted into the above gap at a tangential direction to the 
outer pipe 212. Argon gas, fleon gas (organic halogen compounds), air, and water vapor 
are supplied to the electric discharge pipe 205 via the gas supply pipe 216. 

The argon gas, fleon gas, and air are selectively fed to the heater 218 from their 
respective supply sources by the opening and closing of the electromagnetic valves 219a, 
219b, and 219c shown in Fig. 16. 

Because the argon gas is supplied in order to facilitate the ignition prior to the 
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plasma generation, it is stored in an argon cylinder 221. 

A pressure adjuster 222 and a pressure switch 223 are provided between the argon 
cylinder 221 and the electromagnetic valve 219a, 

Air is supplied from an air compressor 224 in order to increase the stability of the 
ignition by removing moisture remaining in the system and in order to expel gas 
remaining in the system. Atmospheric air, nitrogen gas, argon gas, and the like may be 
used for this air. 

Because water vapor is necessary for the decomposition of the fleon gas, it is 
generated by feeding water from a water storage tank 226 using a plunger pump 225 to 
the heater 218. 

A level switch 227 is provided in the water storage tank 226 for detecting 
variations in the water level. 

The fleon gas is wet stored in a recovered fleon cylinder 228. A restricting 
apparatus 231, a mist separator 232, and a pressure switch 233 are provided between the 
recovered fleon cylinder 228 and an electromagnetic valve 219b. 

The restricting apparatus 231 is provided in order to obtain a constant flow rate 
and may be formed from a capillary pipe and orifice combination, for example. 

The mist separator 232 is intended to remove oil elements (lubricating oil) and 
moisture that are contained in the fleon gas, and an impact type or centrifugal separation 
type separator is used. 

The heater 218 not only generates water vapor for reacting with the fleon gas, but 
is also intended to prevent trouble, such as water vapor inside the apparatus being cooled 
by the fleon gas and the like and recondensing, by heating the fleon gas and the like in 
advance. An electric type or steam type of heatmg method is employed in the heater 218, 
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Two parallel flow passages 234a and 234b are formed inside the heater body 218a. 
Fleon gas, argon gas, and air are circulated through one flow passage (the second flow 
passage) 234a, while water from a water storage tank 226 (the water supply source) is 
circulated through the other flow passage 234b. 

A filling material 235, which provides resistance to the water vapor moving 
through the flow passage 234b, is provided in the flow passage 234b that creates the 
water vapor. The water vapor is thus unable to circulate smoothly through the flow 
passages. 

An organic or inorganic granulated member, a fibrous member, a porous member, 
or the materials that form these may be employed for the filling material 235, however, 
from the viewpoint of preventing deterioration under high temperature, it is preferable 
that the material be an inorgemic material such as oxides, carbides, nitrides, and the like 
typified by Si02, AI2O3, Ti02, MgO, ZrOa, and the like. 

Note that a thermocouple 236 is provided in the vicinity of the exit of the heater 

218. 

Fleon gas and the like and water vapor that have transited the heater 218 are mixed 
together in a mixer 237 and thereafter supplied to electric discharge pipe 205 via the gas 
supply pipe 216. 

As is shown in Fig. 19, an orifice 238 is provided inside the mixer 237. The 
aperture 238a of the orifice 238 is set to between (|) 0.1 to 5mm. 

The exit end surface 237A of the mixer 237 that is faced by the aperture 238a 
forms an inclined face with the cross section of the flow passage becoming gradually 
smaller. 

An exhaust gas treatment tank 241 is provided in order to render harmless acidic 
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gas (hydrogen fluoride and hydrogen chloride) generated when the fleon gas is 
decomposed by neutralizing it. An alkaline suspension solution including water to which 
calcium hydroxide has been added is contained in the exhaust treatment tank 241. 

For example, if the fleon gas to be decomposed is fleon R12 for use as a refrigerant 
that has been recovered from discarded refrigerators, the gas generated by the 
decomposition reaction shown in Formula 7 can be rendered harmless by the 
neutralization reaction shown in Formula 8. 
(Formula 7) 

CCI2F2 + 2H2O 2HC1 + 2HF + CO2 
(Formula 8) 

2HC1 + Ca (OH)2 ^ CaCb + 2H2O 

2HF + Ca (0H)2 ^ CaF2 + 2H2O 
Because the solubility of the neutralized product (i.e. the calcium chloride and the 
calcium fluoride) created in the neutralization reaction shown in Formula 8 is low, a 
portion thereof dissolves in the alkaline solution, however, the majority thereof exists as 
slurry. 

Moreover, the carbon dioxide generated in the decomposition reaction in Formula 
7 and the acidic gas that has been reduced by the neutralization reaction in Formula 8 to 
slightly below a discharge reference value are discharged to the outside by a blower 243 
from a discharge duct 242 connected to the top of the exhaust gas treatment tank 241. 

An intake pipe 245 connected to the reaction pipe 215 via an exchange coupling 
244 is placed inside the exhaust gas treatment tank 241 so as to extend in a vertical 
direction with the bottom end portion thereof immersed in the alkali solution. 

The distal end 245a of the intake pipe 245 is formed so as to be inclined at a 
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predetermined angle relative to the vertical direction, 

A cooler 246 provided with cold water pipes (not illustrated) is provided at the 
periphery of the reaction pipe 215. 

The cooler 246 is provided to cool the gas generated by the decomposition reaction 
shown in Formula 7, however, it is controlled so that it only cools to above the dew point 
so as to prevent recondensation of the water vapor remaining inside the reaction pipe 
215. 

In the present embodiment, the gas is cooled to approximately 400°, 

Effective use is made of the cooling water in the cooler 246 that has been warmed 
up from cooling the reaction pipe 215 (i.e. the warm water) by using it as a source of 
heat for heating the recovered fleon gas cylinder 228, 

Namely, a heater 247 provided with warm water pipes (not illustrated) is provided 
at the periphery of the recovered fleon cylinder 228, and the recovered fleon cylinder 228 
is heated by allowing cooling water that has been used to cool the reaction pipe 215 to 
circulate through the warm water pipes. 

As is shown in Fig. 17, the exchange coupling 244 is able to be connected and 
disconnected between the reaction pipe 215 and the intake pipe 245 and a water injection 
nozzle 251 communicates with the interior of the exchange coupling 244. 

Cooling water is sprayed from the water injection nozzle 251 so that the intake 
pipe 245 made from a resin, for example, Teflon is rapidly cooled to within a heatproof 
temperature range. 

It should be noted that, if the intake pipe 245 is a Teflon pipe, it is cooled to 100*'C 
or less. 

The reason why the intake pipe 245 is made from resin is because the intake pipe 
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245 needs to have sufficient cx)rrosion resistance to both the acidic solution formed when 
the acidic gas is dissolved in the cooling water and to the alkaline solution contained 
inside the exhaust gas treatment tank 241, and this is difficult to achieve with a metallic 
material. 

In contrast, in the case of the reaction pipe 215, while the interior thereof is always 
in a dry state and thus has little likelihood of being corroded, it does need to have heat 
resistance. Therefore, by forming it from copper, it can be given a lengthy life span. 

Gas generated by the decomposition reaction shown in Formula 7 is bubbled 
through the alkaline solution from the distal end (bottom end) of the intake pipe 245 and 
then discharged. 

Because the neutralizing reaction in the alkaline solution is accelerated the greater 
the area of contact between the gas bubbles and the alkaline solution and the longer the 
time before the gas bubbles reach the surface of the solution, a bubble dividing means 
252 is provided in the exhaust gas treatment tank 241 for accelerating the neutralization 
reaction shown in Formula 8 by dividing the gas bubbles into even smaller bubbles. 

The bubble dividing means 252 is formed from a shaft portion 252b rotated by a 
motor 252a, a disc shaped blade holding portion 252c fixed to the distal end of the shaft 
portion 252b, and six blades 252d fixed to the outer edge portion of the blade holding 
portion 252c. 

The shaft portion 252b, the blade holding portion 252c, and the blades 252d are all 
made from SUS material. The blades 252d intersect the blade holding portion 252c and 
are fixed by silver solder thereto at equal intervals in the peripheral direction. 

The reason for fixing the blades by silver solder in this way is because normal 
welds are extremely susceptible to corrosion in the alkaline solution. 
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The bubble dividing means 252 are provided such that the center of the blade 
holding portion 252c is positioned above the distal end of the reaction pipe 215. The 
bubbles that float up from the distal end of the reaction pipe 215 strike the blades 252d 
which are rotating at 300 rpm and are divided further into bubbles having a diameter of 
between about 3 to 5 mm. 

The bubble dividing means 252 also fulfills the function of creating a suspension 
solution of water and calcium hydroxide that is insoluble in water by stirring in calcium 
hydroxide powder added to the exhaust gas treatment tank 241. 

Moreover, because the neutralization reaction shown in Formula 8 is a heat 
generating reaction, a cooler 253 is provided in the exhaust gas treatment tank 241 for 
cooling the tank internal temperature to below the heatproof temperature of the intake 
pipe 245. 

In the cooler 253, a portion of the piping connected to a heat discharge section 
253b, which is cooled by a fan 253a, is inserted into the exhaust gas treatment tank 241 
and heat is taken by circulating a cooling medium such as water or the like through this 
piping which then discharges heat in the heat discharge section 253b. 

Note that the temperature inside the tank is detected by a thermocouple 254. 

Moreover, a pH sensor 255 is also provided in the exhaust gas treatment tank 241. 

The pH value of the alkaline solution is constantly monitored by a control device 
261 via the pH sensor 255 and when the pH value reaches 9 (after starting at between 11 
and 12), for example, a warning means is operated upon an instruction from the control 
device 261 and the decomposition operation is halted. 

Any warning means may be employed provided that it can summon the attention of 
those nearby and a means may be employed that flashes a lamp on and off, for example, 
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or sounds a warning siren. 

Because the slurry inside the exhaust gas treatment tank 241 gradually increases as 
the operating time becomes longer, after the operation thereof has been halted, the slurry 
is received together with the alkaline solution by a solid - liquid separator 262 and the 
solids and liquids are separated. Thereafter, the slurry is either disposed of as waste 
material or used in other applications. 

The separated alkaline solution, however, is returned to the exhaust gas treatment 
tank 241 once more and is reused. 

Note that any variations in the level of the solution in the exhaust gas treatment 
tank are detected by the level switch 256. 

In a decomposition apparatus for an organic halogen compound having the above 
structure, the electromagnetic valve opening and closing operations and the Tesla coil 
214 ignition operations are controlled by the control device 261 as is shown in Fig, 20, 

As is clear from this diagram, in this decomposition apparatus, fleon gas is 
decomposed by batch treatment in 8-hour cycles. 

Namely, before the fleon gas and water vapor are supplied, firstly air is supplied 
for a predetermined time (3 minutes) in order to remove remaining moisture. After the 
air supply has been stopped, the supply of argon gas is started in order to improve the 
ignition stability. 

While the argon gas is being supplied, microwaves are transmitted and ignition is 
carried out using the Tesla coil. At the same time, water vapor and fleon gas are supplied 
and, thereafter, the supply of the argon gas is halted. 

After the decomposition operation has been halted, air is supplied to the reaction 
pipe 215 for a predetermined time (5 minutes) in order to ensure stability and the 
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residual acidic gas is purged. 

The air used to purge the gas is supplied from the air compressor 224- via the gas 
supply pipe 216 with the electromagnetic valves 219a and 219b closed and the 
electromagnetic valve 219c opened. 

In the above steps, there are times when the supply of the argon gas and the supply 
of the fleon gas overlap, however, these times from the starting of the supply of the fleon 
gas to the halting of the supply of the argon gas are extremely short and therefore pose 
no problems. 

The reason for this is that, as long as the ignition state has been made stable, there 
is no longer any need to keep supplying the argon gas, and also from the standpoint of 
lowering costs, there is a need to keep the amount of argon consumption low. 

Moreover, the control device 261 is constantly monitoring the supply pressure of 
the argon gas and fleon gas to the heater 218, the level of water in the water storage tank 
226, the state of plasma generation, and the temperature and level of the solution inside 
the exhaust gas treatment tank 241 by receiving signals from various sensors such as the 
pressure switches 223 and 233, thermocouples 236 and 254, level switches 227 and 256, 
and the optical sensor 217. When one of these strays from the prescribed value, a 
concern arises that the operation is not being performed normally or efficiently and the 
operation is halted. 

After the operation has been halted, air is supplied as described above in order to 
guarantee stability and the remaining gas within the apparatus is scavenged. 

The operation of the decomposition apparatus of the present embodiment will now 
be described. 

In this decomposition apparatus, firstly, the electromagnetic valves 219a and 219b 
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are closed and the electromagnetic valve 219c is opened, thereby supplying air for three 
minutes from the air compressor 224 to the electric discharge pipe 205 via the gas supply 
pipe 216, 

Because this air is heated to between 100 and 180°C by passing through the heater 
218, the remaining moisture inside the apparatus can be definitely removed. 

Next, the electromagnetic valve 219c is closed and the electromagnetic valve 219a 
is opened, thereby supplying argon gas to the electric discharge pipe 205. 

At this time, because the argon gas is supplied from a direction tangential to the 
outer pipe 212 and flows down in a spiral configuration, sediment is formed in the 
vicinity of the distal end of the inner pipe 211 enabling the plasma to be easily held. 

Moreover, the gas supply at this time is set at 4 to 40 1/min and more desirably to 
15 1/min or more. 

Within this setting range, the sediment is effectively formed and the plasma can be 
held more easily. In addition, the electric discharge pipe 205 tends not to be thermally 
affected by the plasma and melting deformation and damage thereto can be effectively 
prevented. 

Moreover, at fixed intervals after the start of the argon gas supply microwaves are 
transmitted from the microwave transmitter 202. 

The microwaves are transmitted by the square wave guide 201 towards the rear end 
side thereof and then transmitted further towards the circular cylinder wave guide 207, 

At this time, a TMoi mode having a high strength electrical field is formed as the 
electric field inside the circular cylinder wave guide 207. Moreover, because the electric 
field mode inside the square wave guide 201 and the electric field mode inside the 
circular cylinder wave guide 207 are coupled by the inner conductor 209, the electric 
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field inside the circular cylinder wave guide 207 is stabilized. 

Next, a heat is generated in the Tesla coil 214 by the ignition device 213 thereby 
causing ignition. 

At this time, because moisture inside the electric discharge pipe 205 is removed by 
air and easily ignitable argon gas is supplied thereto in advance, the ignition is 
simplified. 

Next, water is pumped out from the water storage tank 226 by the plunger pump 
225 and the water vapor generated by passing this water through the heater 218 is 
supplied to the electric discharge pipe 205. 

This water vapor is unable to circulate smoothly through the flow passages because 
of the filling material 235 with which the heater 218 has been filled, resulting in a 
constant amount of water vapor being constantly retained inside the heater 218, 

As a result, it is possible to prevent water splashes caused by rippling and sudden 
boiling and to stabilize the water vapor outflow rate, and it is also possible to effectively 
suppress variations in the flow rate upstream of the mixer 237. 

Accordingly, the plasma can be stabilized without there being any loss of the 
plasma, and it is possible to obtain an improvement in the treatment performance. 

Next, the electromagnetic valve 219b is opened and fleon gas is supplied to the 
electric discharge pipe 205. 

At this time, oil elements and moisture in the fleon gas discharged from the 
recovered fleon cylinder 228 are removed when the gas passes through the mist separator 
232. 

As a result, the generation of byproducts and contamination of the pipes and the 
like caused by lubricating oil in the fleon gas is suppressed, and the efficient and stable 
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supply of fleon gas and the like is made possible. Moreover, the supply of excess 
moisture can be prevented and there is no plasma loss. 

Accordingly, the plasma can be stabilized and it is possible to obtain an 
improvement in the treatment performance. 

After the water vapor, argon gas, and fleon gas that have passed through the heater 
218 and been fed into the mixer 237 have struck the orifice 238, the direction of the flow 
thereof is changed and they become more thoroughly mixed together by colliding with 
each other. 

Moreover, because turbulence forms downstream of the orifice 238, the fleon gas 
and the like that passes through the aperture 238a is also mixed up downstream of the 
orifice as well. 

Furthermore, in the present embodiment, because the mixing of the fleon gas and 
the like is accelerated by colliding against the end surface 237A on the exit side, they 
leave the mixer 237 in a more uniformly mixed state and are thus supplied to the electric 
discharge pipe 205. 

As a result, there is sufficient decomposition reaction accordmg to Formula 7 and 
it is possible to suppress the generation of byproducts such as chlorine gas and carbon 
monoxide. 

When microwaves are irradiated onto the fleon gas supplied thus to the electric 
discharge pipe 205, the level of electronic energy in the electric discharge pipe 205 is 
high and thermal plasma heated to a temperature of 2000K to 6000K is generated. 

At this time, because argon gas is supplied to the electric discharge pipe 205 at the 
same time as the fleon gas and the water vapor, there is no plasma loss. 

Because the distal end of the inner pipe 211 is placed exactly a predetermined 
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distance towards the inner side than the distal end of the probe antenna 209a, it is 
possible to avoid the generated plasma being thermally affected and to prevent the inner 
pipe 211 from being damaged by melting. 

As a result, there is no marked deformation of the state of the plasma and a stable 
decomposition reaction is made possible. 

Moreover, because the fleon gas is placed in a state in which it can be easily 
separated into chlorine atoms, fluorine atoms, and hydrogen atoms by the thermal plasma 
generation, it is easily decomposed by reacting with the water vapor, as is shown in 
Formula 7. 

When the plasma is stable the electromagnetic valve 219a is closed and the supply 
of argon gas is halted. 

The gas generated by the decomposition reaction is discharged into the alkaline 
solution in the exhaust gas treatment tank 241 via the exchange coupling 244 and the 
intake pipe 245. 

However, because these generated gases are at extremely high temperature, they 
are firstly cooled to a approximately 400''C by the cooler 246 provided at the reaction 
pipe 215 before they pass into the intake pipe 245. 

At this temperature, because there is no recondensation of the water vapor 
remaining inside the reaction pipe 215, the reaction pipe 215 is held in a dry state and 
there is no plasma loss. 

On the other hand, the cooling water of the cooler 246 that has been heated to 
approximately 50°C by cooling the reaction pipe 215 is fed to the heater 247 provided in 
the recovered fleon cylinder 228 where it prevents mist from being generated in the 
cylinder 228 and the pipes downstream thereof when the liquid fleon gas inside the 
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recx>vered fleon cylinder 228 is vaporized, and suppresses pressure variations due to 
temperature reductions. 

The cooling water from which the heat has been taken by the above operation can 
be reused as cooling water in the cooler 246 enabling the amount of water consumed to 
be kept extremely low. 

The generated gas that has been cooled by the cooler 246 undergoes further rapid 
cooling to less than approximately 100°C as it passes through an exchange coupling 244 
from cooling water sprayed from a water spray nozzle 251. 

As a result, it is possible to use the resin intake pipe 245 within its heat proof 
temperature range and it can be protected agamst heat damage caused by high 
temperatures. 

At this time, because acidic liquid is created as the gas generated in the 
decomposition reaction of Formula 7 is dissolved in the cooling water, the exchange 
coupling 244 is gradually corroded and, in some cases, should be replaced depending on 
the extent of the corrosion. 

Namely, because only the exchange coupling 244 needs to be replaced because of 
corrosion downstream from the reaction pipe 215, costs can be reduced and the task of 
replacement simplified. 

The generated gas that is discharged through the intake pipe 245 into the alkaline 
solution is rendered harmless by the neutralization reaction in Formula 8 and discharged 
via the exhaust ducts 242. 

Because this neutralization reaction is a heat generating reaction, the temperature 
of the alkaline solution is maintained at below 70°C by the cooler 253 so as to protect 
the intake pipe 245 from heat damage. 
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The generated gas that is discharged as bubbles from the distal end of the intake 
pipe 245 is divided into even smaller bubbles by the action of the blades 252d of the 
bubble dividing means 252* Therefore, the surface area thereof that comes into contact 
with the alkaline solution is increased and the time taken until the gas reaches the 
solution of the surface is lengthened. Consequently, the neutralization reaction is 
accelerated. 

As a result, there is no discharging of an amount of acidic gas exceeding a 
reference value to the outside of the system caused by the neutralization reaction being 
insufficient. 

The neutral products created by the neutralization reaction remain in the alkaline 
solution as slurry, however, after the decomposition operation has been halted, this slurry 
is fed into the solid - liquid separator together 262 with the alkaline solution and the 
solids and liquid are continuously separated. 

Because this separated solution is returned to the exhaust gas treatment tank 241 
for reuse, in the present embodiment, this coupled with the reuse of the cooling water 
enables the amount of water consumption to be greatly reduced. 

Moreover, safety can also be increased by running the air compressor 224 after the 
decomposition operation has been halted in order to clean out any acidic gas still 
remaining in the apparatus. 

Next, a description will be given of another embodiment of the present invention, 
with reference made to Figs 21 to 23. In Fig. 21, instead of the orifice 238, the mixer 237 
is filled with beads (i.e. a granular material) 271, 

In this structure as well, in the process of the fleon gas and the like and the water 
vapor circulating at random through the gaps 272 formed in the mixer 237, the fleon gas 
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and the like and the water vapor collide against each other and the mixing is thereby 
accelerated. It is therefore possible to achieve an improvement in the stabilizing of the 
decomposition conditions. 

Fig. 22 shows an example of the placement of a static mixer in which a plurality of 
baffle plates 281 at different intervals to each other on the inner peripheral surfaces of 
the lower portions and top portions of the mixer 237, 

In this structure as well, because the fleon gas and the like and the water vapor are 
circulated in a zigzag fashion while colliding against the baffle plates 281, the mixing is 
accelerated. It is therefore possible to achieve an improvement in the stabilizing of the 
decomposition conditions. 

Further, Fig. 23A shows an example of a swirl mixer in which a pair of slanted 
nozzles 291 for separately introducing fleon gas and the like and water vapor are 
positioned at the entry side of the mixer 237 on opposite sides sandwiching the center in 
the radial direction. The slanted nozzles 291 are inclined at predetermined angles 
towards the exit side of the mixer 237 relative to the outer peripheral tangential direction 
of the mixer 237. 

In this structure as well, as is shown in Fig. 23B, the fleon gas and the like and the 
water vapor introduced into the mixer 237 via the nozzles 291 circulates inside the mixer 
237 while forming swirl flows (i.e. a whirlpool flow) running in the opposite directions 
to each other. Therefore, the mixing together of both is accelerated. 

Note that the organic halogen compound decomposition apparatus according to the 
present invention is not limited to the above described embodiments and may include the 
forms below. 

(1) Instead of pH control of the alkaline solution as a means for avoiding the discharge 
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of acidic gas to the outside of the system caused by the neutralization reaction being 
insufficient, it is also possible to perform control using a motor current value. 

Namely, if the number of motor revolutions decreases or stops, the bubbles being 
discharged from the intake pipe 245 are not being sufficiently divided and the 
neutralization reaction may not be being performed satisfactorily. 

Therefore, if any abnormalities in the motor revolutions are detected based on the 
motor current value, then if the operation of the decomposition apparatus is halted by an 
instruction from the control device 261, it is possible to prevent the discharge of acidic 
gas to the outside of the system. 

(2) Because the interior of the reaction pipe 215 is kept in a dry state, there is 
practically no corrosion effect caused by acidic gas generated by the decomposition 
reaction of Formula 7. 

However, in order to improve the safety even more, it is also possible to install a 
simple booth enveloping the reaction pipe 215 and place an exhaust gas sensor for 
detecting CO2 gas, CO gas and the like between the booth and the reaction pipe 215. 

In this structure, the extent of corrosion of the reaction pipe 215 can be constantly 
monitored by the control device 261 via these exhaust gas sensors. Therefore, even if the 
reaction pipe 215 corrodes and gas generated by the decomposition reaction of Formula 
7 escapes from the reaction pipe 215, the operation of the decomposition apparatus can 
be halted by an instruction from the control device 261 and the discharge of acidic gas to 
the outside of the system can be prevented by suctioning the escaped gas. 

In this case, the gas suction can also be performed by the blower 243 provided in 
the exhaust duct 242. 

(3) Because the slurry inside the exhaust gas treatment tank 241 precipitates to the 
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bottom if it is left overnight after operations have been halted, it is also possible to pump 
out the precipitated high concentration sluny using a pump and to dispose of this using 
the solid - liquid separator. 

In this case, because it is possible to pump out the high concentration slurry only 
without it being mixed in with free alkaline, highly efficient slurry treatment is possible. 

Moreover, if a granulating agent or an agglomerating agent or the like is added to 
the alkaline solution so as to increase the granularity of the slurry, the precipitation time 
can be shortened, and even more efficient slurry treatment can be performed. 

(4) Instead of placing the distal end of the Tesla coil 214 inside the electric discharge 
pipe 205, it is also possible to place it outside the electric discharge pipe 205 and to 
achieve ignition by spark discharge. 

(5) Instead of changing the fleon to a gas state by heating the recovered fleon cylinder 
228 and then allowing this fleon gas to flow out, it is also possible to invert the 
recovered fleon cylinder 228 and to allow the recovered fleon to flow out in a liquid state. 
After the quantity of the flow has been made constant using a restricting apparatus such 
as a differential pressure control valve or the like, the fleon may then be heat vaporized 
and fed to the heater 218. 

In this case, flow variations caused by temperature reductions can be suppressed by 
heating the restricting apparatus and the pipes. 

(6) Instead of using the cooling water used to cool the reaction pipe 215 to heat the 
recovered fleon cylinder 228, it is possible to use the cooling water from the cooler 253 
used for the slurry cooling in the exhaust gas treatment tank 241. 

(7) As described above, the distance that the distal end of the inner pipe 211 is from 
the distal end of the probe antenna 209a inside the outer pipe 212 is optimally set to the 
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same distance as the distal end of the probe antenna 209a is from the portion where the 
microwave energy converges, provided that the outer pipe 212 is not melted, however, it 
is also possible to alter this considering the melting of the outer pipe 212. 

(8) The bubble dividing means 252 may also be a screw type apparatus in which a 
propeller is fixed to the distal end of a shaft portion. 

Further, each structural element 252b, 252c, and 252d of the bubble dividing 
means 252 may be made from a resin such as Teflon, and the bubble dividing means 
may be formed by joining these together using nuts and bolts. 

In this structure, because not only are there no welded portions, but each structural 
element 252b, 252c, and 252d is formed from resin, this apparatus has extremely good 
corrosion resistance. 

(9) Instead of placing the distal end portion of the intake pipe 245 at an inclined 
predetermined angle relative to the vertical direction, it may be formed substantially in a 
U shape. 

(10) The neutral solution stored in the exhaust gas treatment tank 241 is not limited to 
the above alkaline suspension solution and it is also possible to use an aqueous alkaline 
solution such as a sodium hydroxide aqueous solution or the like. 

(Fourth Embodiment) 

The fourth embodiment of the present invention will now be described with 
reference to Figs, 24 to 30. A square wave guide 301 extending in the horizontal 
direction in Fig. 27 is provided with a microwave transmitter 302 at the starting end 
portion thereof (i.e. the left hand side in the drawing) for transmitting microwaves at a 
frequency of 2.45 GHz and sending these microwaves from the starting end side towards 
the terminal end side (i.e. towards the right hand side of the drawing). 
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As is shown in Fig. 25, the square wave guide 301 is provided with an isolator 303 
for preventing reflected microwaves that are reflected by the terminal end side so as to 
end up coming back towards the starting end side from affecting the transmitting side by 
absorbing these microwaves. The square wave guide 301 is also provided with a tuner 
306 which causes each of a plurality of wave motion adjusting members 304 to be 
inserted or retracted so as to adjust the amount of inconsistency in the wave motion and 
thereby converge the electric waves at the electric discharge pipe 305* 

This operation is described below in detail 

The microwave transmitter 302 drives a magnetron placed at one end of a wave 
guide pipe having a rectangular cross section so as to radiate electromagnetic waves in a 
predetermined frequency. The characteristics of the propagation phenomenon of these 
electromagnetic waves can be ascertained by solving MaxwelPs wave motion equation 
for electromagnetic waves, however, the result is that the waves are propagated as 
electromagnetic TE waves that have no electric field component in the propagation 
direction. 

An example of these primary components TEio is shown by the propagation 
directions in the rectangular wave guide pipe in Fig. 25 by the orthogonally intersecting 
arrows. Moreover^ TM waves having electric field components in the direction of 
movement are generated in the annular cavity portion of a double circular cylinder wave 
guide pipe including a double circular cylinder conductor at the other end portion of the 
rectangular wave guide pipe 301 by the bonding action of the electromagnetic waves 
propagated in the wave guide pipe 301 with the electromagnetic waves reflected by the 
end of the pipe caused by the conductor 309. 

The TMoi waves that form this primary component are shown by the arrows in the 
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annular cavity portion in Fig. 25. 

Delicate adjustment of the propagation of the wave motion of the electromagnetic 
waves arising from secondary and greater higher harmonics is made by the tuner 304. 

The isolator 303 protects the transmitter 302 from basic damage. 

As is shown in Fig. 26, the circular cylinder wave guide 307 is formed from an 
outer conductor 308 and an inner conductor 309 having a smaller diameter than the outer 
conductor 308. The circular cylinder wave guide pipe 307 is connected to the vicinity of 
the terminal end portion of the square wave guide pipe 301 so as to extend in a vertical 
direction while communicating with the square wave guide pipe 301, 

The inner conductor 309 is fixed to the top portion of the square wave guide pipe 
301 and extends towards an end plate 308A of the outer conductor 308 while 
surrounding a quartz electric discharge pipe 305. This extended portion forms a probe 
antenna 309a. 

The electric discharge pipe 305 is formed from an inner pipe 311 and an outer pipe 
312 and is placed so as to be coaxial with the central axis of the circular cylinder wave 
guide pipe 307. 

Moreover, a Tesla coil 314 for generating heat using the ignition device 313 is 
inserted inside the inner pipe 311 of the electric discharge pipe 305. 

The distal end (the bottom end) of the inner pipe 311 is placed exactly a 
predetermined distance from the distal end of the probe antenna 309a on the inner side of 
the distal end of the outer pipe 312. 

The distal end portion of the outer pipe 312 communicates with a copper reaction 
pipe 315 through the end plate 308A of an outer conductor 308. The proximal end (i.e. 
the top end in the drawing) of the outer pipe 312 is mounted with a gap between itself 
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and the inner conductor 309. 

The symbol 317 denotes an optical sensor facing towards the outer pipe 312 that is 
exposed between the end plate 308A of the outer conductor 308 and the reaction pipe 
315, 

This optical sensor 317 monitors the state of plasma generation by detecting the 
luminosity, 

A gas supply pipe 316 is inserted into the above gap at a tangential direction to the 
outer pipe 312. Argon gas, fleon gas (organic halogen compounds), air, and water vapor 
are supplied to the electric discharge pipe 305 via the gas supply pipe 316. 

The argon gas, fleon gas, and air are selectively fed to the fluid heating apparatus 
318 from their respective supply sources by the opening and closing of the 
electromagnetic valves 319a, 319b, and 319c shown in Fig* 25. 

Because the argon gas is supplied in order to facilitate the ignition prior to the 
plasma generation, it is stored in an argon cylinder 321. 

A pressure adjustor 322 and a pressure switch 323 are provided between the argon 
cylinder 321 and the electromagnetic valve 319a. 

Air is supplied from an air compressor 324 in order to increase the stability of the 
ignition by removing moisture remaining in the system and in order to expel gas 
remaining in the system. Atmospheric air, nitrogen gas, argon gas, and the like may be 
used for this air. 

Because water vapor is necessary for the decomposition of the fleon gas, it is 
generated by feeding water from a water storage tank 326 using a plunger pump 325 to 
the fluid heating apparatus 318. 

A level switch 327 is provided in the water storage tank 326 for detecting 
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variations in the water level. 

The fleon gas is wet stored in a recovered fleon cylinder 328. A restricting 
apparatus 331, a mist separator 332, and a pressure switch 333 are provided between the 
recovered fleon cylinder 328 and an electromagnetic valve 319b. 

The restricting apparatus 331 is provided in order to obtain a constant flow rate 
and may be formed from a capillary pipe and orifice combination, for example. 

The mist separator 332 is intended to remove oil elements (lubricating oil) and 
moisture that are contained in the fleon gas, and an impact type or centrifugal separation 
type separator is used. 

The fluid heating apparatus 318 not only generates water vapor for reacting with 
the fleon gas, but is also intended to prevent trouble, such as water vapor inside the 
apparatus being cooled by the fleon gas and the like and recondensing, by heating the 
fleon gas and the like in advance. 

The fluid heating apparatus 318 is provided with water 318a as a heating medium; 
a heater 318b for heating the water 318a; a pipe shaped vaporization chamber 318c for 
housing the water 318a and the heater 318b; a liquefaction chamber 318e provided above 
the vaporization chamber 318c and penetrated by flow passages 334a and 334b through 
which liquid flows; and a communicating pipe 318d provided between the vaporization 
chamber 318c and the liquefaction chamber 318e through which the water 318a 
circulates in vapor and liquid states. The vaporization chamber 318c, the liquefaction 
chamber 318e, and the communicating pipe 318d form a sealed container 318f. 

The liquefaction chamber 318e and the flow passages 334a and 334b are slanted in 
the longitudinal direction thereof relative to the horizontal surface and the 
communicating pipe 318d is connected to the bottom end of the slant of the bottom 
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surface of the liquefaction chamber 318e. 

Here, from the standpoint of simplifying manufacturing, firstly, in the fluid heating 
apparatus 318 of the present embodiment, the vaporization chamber 318c and the 
liquefaction chamber 318e penetrated by the flow passages 334a and 334b are both 
connected vertically to the communicating pipe 318d. Thereafter, when it is mounted on 
the decomposition apparatus for organic halogen compounds, the liquefaction chamber 
318e is positioned so as to be on a diagonal slant. Namely, the slant of the liquefaction 
chamber 318e, and the flow passages 334a and 334b is formed at the time when these are 
mounted on the fluid heating apparatus 318, 

Note that the vaporization chamber 318c is also positioned on a slant, however, the 
vaporization chamber 318c does not need to be placed on a slant, and the existence or 
otherwise of a slant and the orientation of any slant is not limited by the present 
embodiment. 

Note that it is of course possible to use a medium other than water as the heating 
medium described above. 

The flow passages 334a and 334b are slanted parallel to each other and fleon gas, 
argon gas, and air are introduced into one flow passage 334a, while water from a water 
storage tank 326 is introduced into the other flow passage 334b and water vapor is 
generated.. 

The flow passage 334b that creates the water vapor is filled with a resisting 
member 335 that provides resistance to the water vapor moving through the flow passage 
334b. The water vapor is thus unable to circulate smoothly through the flow passages. 

An organic or inorganic granulated member, a fibrous member, a porous member, 
or the materials that form these may be employed for the resisting member 335, however, 
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from the viewpoint of preventing deterioration under high temperature, it is preferable 
that the member be an inorganic material such as oxides, carbides, nitrides, and the like 
typified by Si02, AI2O3, TiOa, MgO, ZrOz, and the like. 

Note that a thermocouple 336 is provided in the vicinity of the exit of the fluid 
heating apparatus 318. 

There are also provided a pressure detection device 318g for detecting the pressure 
of the water 318a and a pressure control device 318h for controlling a power source 318i 
of the heater 318b based on the output from the pressure detection device 318g. As a 
result, it is possible to heat the liquid circulating through the flow passages 334a and 
334b, while keeping the pressure constant, 

Fleon gas and the like and water vapor that have transited the heater 318 are mixed 
together in a mixer 337 and thereafter supplied to electric discharge pipe 305 via the gas 
supply pipe 316. 

As is shown in Fig. 28, an orifice 338 is provided inside the mixer 337. The 
aperture 338a of the orifice 338 is set to between ^ 0.1 to 5mm. 

The exit end surface 337A of the mixer 337 that is faced by the aperture 338a 
forms an inclined face with the cross section of the flow passage becoming gradually 
smaller. 

An exhaust gas treatment tank 341 is provided in order to render harmless acidic 
gas (hydrogen fluoride and hydrogen chloride) generated when the fleon gas is 
decomposed by neutralizing it. An alkaline suspension solution mcluding water to which 
calcium hydroxide has been added is contained in the exhaust treatment tank 341. 

For example, if the fleon gas to be decomposed is fleon R12 for use as a refrigerant 
that has been recovered from discarded refrigerators, the gas generated by the 
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decomposition reaction shown in Formula 9 can be rendered harmless by the 
neutralization reaction shown in Formula 10, 
(Formula 9) 

CCI2F2 + 2H2O 2HC1 + 2HF + CO2 
(Formula 10) 

2HC1 + Ca (OH)2 -» CaCl2 + 2H2O 

2HF + Ca (OH)2 CaFs + 2H2O 
Because the solubility of the neutralized product (i,e, the calcium chloride and the 
calcium fluoride) created in the neutralization reaction shown in Formula 10 is low, a 
portion thereof dissolves in the alkaline solution, however, the majority thereof exists as 
slurry. 

Moreover, the carbon dioxide generated m the decomposition reaction in Formula 
9 and the acidic gas that has been reduced by the neutralization reaction in Formula 10 to 
slightly below a discharge reference value are discharged to the outside by a blower 343 
from a discharge duct 342 connected to the top of the exhaust gas treatment tank 341, 

An intake pipe 345 coimected to the reaction pipe 315 via an exchange coupling 
344 is placed inside the exhaust gas treatment tank 341 so as to extend in a vertical 
direction with the bottom end portion thereof immersed in the alkali solution. 

The distal end 345a of the intake pipe 345 is formed so as to be inclined at a 
predetermined angle relative to the vertical direction. 

A cooler 346 provided with cold water pipes (not illustrated) is provided at the 
central portion in the axial direction of the reaction pipe 315 so as to surround the 
peripheral surface thereof. 

The cooler 346 is provided to cool the gas generated by the decomposition reaction 
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shown in Formula 9, however, it is controlled so that it only cools to above the dew point 
so as to prevent recondensation of the water vapor remaining inside the reaction pipe 
315. 

In the present embodiment, the gas is cooled to approximately 400°. 

Effective use is made of the cooling water (i.e. the warm water) in the cooler 346 
that has been warmed up from cooling the reaction pipe 315 by using it as a source of 
heat for heating the recovered fleon gas cylinder 328. 

Namely, a heater 347 provided with warm water pipes (not illustrated) is provided 
at the periphery of the recovered fleon cylinder 328, and the recovered fleon cylinder 328 
is heated by allowing cooling water that has been used to cool the reaction pipe 315 to 
circulate through the warm water pipes. 

As is shown in Fig. 26, the exchange coupling 344 is able to be connected and 
disconnected between the reaction pipe 315 and the intake pipe 345 and a water injection 
nozzle 351 communicates with the interior of the exchange coupling 344. 

Cooling water is sprayed from the water injection nozzle 351 so that the intake 
pipe 345 made from a resin, for example, Teflon is rapidly cooled to within a heatproof 
temperature range. 

It should be noted that, if the intake pipe 345 is a Teflon pipe, it is cooled to lOO^'C 
or less. 

The reason why the intake pipe 345 is made from resin is because the intake pipe 
345 needs to have sufficient corrosion resistance to both the acidic solution formed when 
the acidic gas is dissolved in the cooling water and to the alkaline solution contained 
inside the exhaust gas treatment tank 341, and this is difficult to achieve with a metallic 
material. 
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In contrast, in the case of the reaction pipe 315, while the interior thereof is always 
in a dry state and thus has little likelihood of being corroded, it does need to have heat 
resistance. Therefore, by forming it jfrom copper, it can be given a lengthy life span. 

Gas generated by the decomposition reaction shown in Formula 9 is bubbled 
through the alkaline solution from the distal end (bottom end) of the intake pipe 345 and 
then discharged. 

Because the neutralizing reaction in the alkaline solution is accelerated the greater 
the area of contact between the gas bubbles and the alkaline solution and the longer the 
time before the gas bubbles reach the surface of the solution, a bubble dividing means 
352 is provided in the exhaust gas treatment tank 341 for accelerating the neutralization 
reaction shown in Formula 10 by dividing the gas bubbles into even smaller bubbles. 

The bubble dividing means 352 is formed from a shaft portion 352b rotated by a 
motor 352a, a disc shaped blade holding portion 352c fixed to the distal end of the shaft 
portion 352b, and six blades 352d fixed to the outer edge portion of the blade holding 
portion 352c. 

The shaft portion 352b, the blade holding portion 352c, and the blades 352d are all 
made from SUS material. The blades 352d intersect the blade holding portion 352c and 
are fixed by silver solder thereto at equal intervals in the peripheral direction. 

The reason for fixing the blades by silver solder in this way is because normal 
welds are extremely susceptible to corrosion in the alkaline solution. 

The bubble dividing means 352 are provided such that the center of the blade 
holding portion 352c is positioned above the distal end of the reaction pipe 315. The 
bubbles that float up from the distal end of the reaction pipe 315 strike the blades 352d 
which are rotating at 300 rpm and are divided further into bubbles having a diameter of 
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between about 3 to 5 mm. 

The bubble dividing means 352 also fulfills the function of creating a suspension 
solution of water and calcium hydroxide that is insoluble in water by stirring in calcium 
hydroxide powder added to the exhaust gas treatment tank 341. 

Moreover, because the neutralization reaction shown in Formula 10 is a heat 
generating reaction, a cooler 353 is provided in the exhaust gas treatment tank 341 for 
cooling the tank internal temperature to below the heatproof temperature of the intake 
pipe 345. 

In the cooler 353, a portion of the piping connected to a heat discharge section 
353b, which is cooled by a fan 353a, is inserted into the exhaust gas treatment tank 341 
and heat is taken by circulating a cooling medium such as water or the like through this 
piping which then discharges heat in the heat discharge section 353b. 

Note that the temperature mside the tank is detected by a thermocouple 354, 

Moreover, a pH sensor 355 is also provided in the exhaust gas treatment tank 341. 

The pH value of the alkaline solution is constantly monitored by a control device 
361 via the pH sensor 355 and when the pH value reaches 9 (after starting at between 11 
and 12), for example, a warning means is operated upon an instruction from the control 
device 361 and the decomposition operation is halted. 

Any warning means may be employed provided that it can summon the attention of 
those nearby and a means may be employed that flashes a lamp on and off, for example, 
or sounds a warning siren. 

Because the slurry inside the exhaust gas treatment tank 341 gradually increases as 
the operating time becomes longer, after the operation thereof has been halted, the slurry 
is received together with the alkaline solution by a solid - liquid separator 362 and the 
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solids and liquids are separated. Thereafter, the slurry is either disposed of as waste 
material or used in other applications. 

The separated alkaline solution, however, is returned to the exhaust gas treatment 
tank 341 once more and is reused. 

Note that any variations in the level of the solution in the exhaust gas treatment 
tank are detected by the level switch 356, 

In a decomposition apparatus for an organic halogen compound having the above 
structure, the electromagnetic valve opening and closing operations and the Tesla coil 
314 ignition operations are controlled by the control device 361 as is shown in Fig. 29. 

As is clear from this diagram, in this decomposition apparatus, fleon gas is 
decomposed by batch treatment in 8-hour cycles. 

Namely, before the fleon gas and water vapor are supplied, firstly air is supplied 
for a predetermined time (3 minutes) in order to remove remaining moisture. After the 
air supply has been stopped, the supply of argon gas is started in order to improve the 
ignition stability. 

While the argon gas is being supplied, microwaves are transmitted and ignition is 
carried out using the Tesla coil. At the same time, water vapor and fleon gas are supplied 
and, thereafter, the supply of the argon gas is halted. 

After the decomposition operation has been halted, air is supplied for a 
predetermined time (5 minutes) in order to ensure stability and the residual acidic gas is 
purged. 

In the above steps, there are times when the supply of the argon gas and the supply 
of the fleon gas overlap, however, these times from the starting of the supply of the fleon 
gas to the halting of the supply of the argon gas are extremely short and therefore pose 
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no problems. 

The reason for this is that, as long as the ignition state has been made stable, there 
is no longer any need to keep supplying the argon gas, and also from the standpoint of 
lowering costs, there is a need to keep the amount of argon consumption low. In 
particular, because microwave based plasma is extremely stable in comparison with 
other plasma, for example, high frequency induction plasma, even if the supply of argon 
gas is halted, there is practically no effect from the fleon gas on the plasma forming 
process. 

Moreover, the control device 361 is constantly monitoring the supply pressure of 
the argon gas and fleon gas to the heater 318, the level of water in the water storage tank 
326, the state of plasma generation, and the temperature and level of the solution inside 
the exhaust gas treatment tank 341 by receiving signals from various sensors such as the 
pressure switches 323 and 333, thermocouples 336 and 354, level switches 327 and 356, 
and the optical sensor 317, When one of these strays from the prescribed value, a 
concern arises that the operation is not being performed normally or efficiently and the 
operation is halted. 

After the operation has been halted, air is supplied as described above in order to 
guarantee stability and the remaining gas within the apparatus is scavenged. 

The operation of the decomposition apparatus of the present embodiment will now 
be described. 

In this decomposition apparatus, firstly, the electromagnetic valves 319a and 319b 
are closed and the electromagnetic valve 319c is opened, thereby supplymg air for three 
minutes from the air compressor 324 to the electric discharge pipe 305 via the gas supply 
pipe 316. 
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Because this air is heated to between 100 and ISO^^C by passing through the heater 
318, the remaining moisture inside the apparatus can be definitely removed. 

Next, the electromagnetic valve 319c is closed and the electromagnetic valve 319a 
is opened, thereby supplying argon gas to the electric discharge pipe 305. 

At this time, because the argon gas is supplied from a direction tangential to the 
outer pipe 312 and flows down in a spiral configuration, sediment is formed in the 
vicinity of the distal end of the inner pipe 311 enabling the plasma to be easily held. 

Moreover, the gas supply at this time is set at 4 to 40 1/min and more desirably to 
15 1/min or more. 

Within this setting range, the sediment is effectively formed and the plasma can be 
held more easily. In addition, the electric discharge pipe 305 tends not to be thermally 
affected by the plasma and melting deformation and damage thereto can be effectively 
prevented. 

Moreover, at fixed intervals after the start of the argon gas supply microwaves are 
transmitted from the microwave transmitter 302. 

The microwaves are transmitted by the square wave guide 301 towards the rear end 
side thereof and then transmitted further towards the circular cylinder wave guide 307. 

At this time, a TMoi mode having a high strength electrical field is formed as the 
electric field inside the circular cylinder wave guide 307. Moreover, because the electric 
field mode inside the square wave guide 301 and the electric field mode inside the 
circular cylinder wave guide 307 are coupled by the inner conductor 309, the electric 
field inside the circular cylinder wave guide 307 is stabilized. 

Naturally, a magnetic field is generated in a direction orthogonally intersecting the 
electric field. The gas introduced into the electric discharge pipe 305 is heated to a 
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plasma state by this vibrating electromagnetic field. 

Next, a heat is generated in the Tesla coil 314 by the ignition device 313 thereby 
causing ignition. 

At this time, because moisture inside the electric discharge pipe 305 is removed by 
air and easily ignitable argon gas is supplied thereto in advance, the ignition is 
simplified. 

Next, water is pumped out from the water storage tank 326 by the plunger pump 
325 and the water vapor generated by passing this water through the heater. 318 is 
supplied to the electric discharge pipe 305. 

In the fluid heating apparatus 318, the water inside the flow passage 334b is kept 
stable and is changed to water vapor as a result of the heating by condensation heat 
transfer using the water 318a as a heating medium and by the action of the resisting 
member 335, with which the flow passage 334b has been filled, and it becomes possible 
to prevent water splashes caused by rippling and sudden boiling and to stabilize the 
outflow rate of water vapor out from the flow passage 334b, and it is also possible to 
effectively suppress variations in the flow rate upstream of the mixer 337. 

Specifically, firstly, the interior of the fluid heating apparatus 318 is placed in a 
vacuum, the water 318a is then sealed inside, and the apparatus is shut tight. In this state, 
a portion of the water 318a is vaporized and this water vapor and the liquid water are 
placed in a mixed state inside the sealed container 318f. 

When the water 318a inside the vaporization chamber 318c is heated by the heater 
318b, a portion thereof is vaporized and moves to the liquefaction chamber 318e side. In 
the liquefaction chamber 318e, the water vapor is cooled by the fluid inside the flow 
passages 334a and 334b and condenses. Namely, because the water vapor, which has 
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become a heat source, directly heats the flow passages 334a and 334b by condensation 
heat transfer, the heat conduction time is extremely short and it is possible to heat and 
vaporize the water inside the flow passage 334b stably. As a result, it is possible to 
prevent variations in the vaporization amount that would accompany variations of the 
fluid. 

Moreover, it is possible to control the temperature of the heating by controlling the 
pressure. Namely, although there are slight variations due to the amount of vaporization 
of the water 318a inside the sealed container 318f, it can be safely said that the volume 
of water vapor in the sealed container 318f remains constant. Therefore, the temperature 
of the water vapor is determined solely by the pressure mside the system. In this fluid 
heating apparatus 318, because the pressure control device 318h controls the output of 
the heater 318b based on the output of the pressure detection device 318g, it is possible 
to easily control the temperature of the heating medium and to heat the fluid stably. 

Furthermore, the water vapor that has been vaporized inside the flow passage 334b 
is unable to circulate smoothly because of the resisting member 335 with which the flow 
passage 334b has been filled. Accordingly, a constant amount of water vapor is 
constantly retained inside the flow passage 334b. As a result, it is possible to prevent 
splashes caused by rippling and sudden boiling and to stabilize the water vapor outflow 
rate, and it is also possible to effectively suppress variations in the flow rate upstream of 
the mixer 337. 

On the other hand, the water 318a serving as a heating medium that has condensed 
inside the liquefaction chamber 318e moves to the bottom portion of the liquefaction 
chamber 318e due to gravity, and then moves into the vaporization chamber 318c via the 
communicating pipe 318d connected to this bottom portion. As a result of this, the 
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condensed water 318a is rapidly removed without remaining on the surface of the flow 
passages 334a and 334b and heat is constantly being given off by fresh water vapor. 
Moreover, the water is then heated once again and vaporized by the heater 318b and the 
processes described above are thereafter repeated. Namely, the water vapor, which has 
become a heat source, is continuously and stably supplied, and the fluid in the flow 
passages 334a and 334b are heated stably. 

Accordingly, water vapor is supplied stably to the electric discharge pipe 305, the 
plasma can be stabilized without there being any loss of the plasma, and it is possible to 
obtain an improvement in the treatment performance. 

Next, the electromagnetic valve 319b is opened and fleon gas is supplied to the 
electric discharge pipe 305. 

At this time, oil elements and moisture in the fleon gas discharged from the 
recovered fleon cylinder 328 are removed when the gas passes through the mist separator 
332. 

As a result, the generation of byproducts and contamination of the pipes and the 
like caused by lubricating oil in the fleon gas is suppressed, and the efficient and stable 
supply of fleon gas and the like is made possible. Moreover, the supply of excess 
moisture can be prevented and there is no plasma loss. 

Accordingly, the plasma can be stabilized and it is possible to obtain an 
improvement in the treatment performance. 

The mixing of the water vapor, argon gas, and fleon gas that have passed through 
the fluid heating apparatus 318 and been fed into the mixer 337 is accelerated not only 
by the loss in pressure when they pass through the aperture 338a of an orifice 338, but is 
also accelerated when they strike the end surface 337A on the exit side. Therefore, they 
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leave the mixer 337 in a more uniformly mixed state and are thus supplied to the electric 
discharge pipe 305. 

As a result, there is sufficient decomposition reaction according to Formula 9 and 
it is possible to suppress the generation of byproducts such as chlorine gas and carbon 
monoxide. 

When the microwaves are irradiated onto the fleon gas supplied thus to the electric 
discharge pipe 305, the level of electronic energy in the electric discharge pipe 305 is 
high and thermal plasma heated to a temperature of 2000K to 6000K is generated. 

At this time, because argon gas is supplied to the electric discharge pipe 305 at the 
same time as the fleon gas and the water vapor, there is no plasma loss. 

Because the distal end of the inner pipe 311 is placed exactly a predetermined 
distance towards the iimer side than the distal end of the probe antenna 309a, it is 
possible to avoid the generated plasma being thermally affected and to prevent the inner 
pipe 311 from being damaged by melting. 

As a result, there is no marked deformation of the state of the plasma and a stable 
decomposition reaction is made possible. 

Moreover, because the fleon gas is placed in a state in which it can be easily 
separated into chlorine atoms, fluorine atoms, and hydrogen atoms by the thermal plasma 
generation, it is easily decomposed by reacting with the water vapor, as is shown in 
Formula 9. 

When the plasma is stable the electromagnetic valve 319a is closed and the supply 
of argon gas is halted. 

The gas generated by the decomposition reaction is discharged into the alkaline 
solution in the exhaust gas treatment tank 341 via the exchange coupling 344 and the 
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intake pipe 345. 

However, because these generated gases are at extremely high temperature, they 
are firstly cooled to a approximately 400°C by the cooler 346 provided at the reaction 
pipe 315 before they pass into the intake pipe 345. 

At this temperature, because there is no recondensation of the water vapor 
remaining inside the reaction pipe 315, the reaction pipe 315 is held in a dry state and 
there is no plasma loss. 

On the other hand, the cooling water of the cooler 346 that has been warmed to 
approximately 50°C by cooling the reaction pipe 315 is fed to the heater 347 provided in 
the recovered fleon cylinder 328 where it prevents mist from being generated in the 
cylinder 328 and the pipes downstream thereof when the liquid fleon gas inside the 
recovered fleon cylinder 328 is vaporized, thereby suppressing pressure variations due to 
temperature reductions. 

The cooling water from which the heat has been taken by the above operation can 
be reused as cooling water in the cooler 346 enabling the amount of water consumed to 
be kept extremely low. 

The generated gas that has been cooled by the cooler 346 undergoes further rapid 
cooling to less than approximately 100°C as it passes through an exchange coupling 344 
from cooling water sprayed from a water spray nozzle 351. 

As a result, it is possible to use the resin intake pipe 345 within its heat proof 
temperature range and it can be protected against heat damage caused by high 
temperatures. 

At this time, because acidic liquid is created as the gas generated in the 
decomposition reaction of Formula 9 is dissolved in the cooling water, the exchange 
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coupling 344 is gradually corroded and, in some cases, should be replaced depending on 
the extent of the conosion. 

Namely, because only the exchange coupling 344 needs to be replaced because of 
corrosion downstream from the reaction pipe 315, costs can be reduced and the task of 
replacement simplified. 

The generated gas that is discharged through the mtake pipe 345 into the alkaline 
solution is rendered harmless by the neutrali:^ation reaction in Formula 10 and 
discharged via the exhaust ducts 342. 

Because this neutralization reaction is a heat generating reaction, the temperature 
of the alkaline solution is maintamed at below 70^C by the cooler 353 so as to protect 
the intake pipe 345 from heat damage. 

The generated gas that is discharged as bubbles from the distal end of the intake 
pipe 345 is divided into even smaller bubbles v^hen it collides with the blades 352d of 
the bubble dividing means 352. Therefore, the surface area thereof that comes into 
contact with the alkaline solution is increased and the tune taken until the gas reaches the 
solution of the surface is lengthened. Consequently, the neutralization reaction is 
accelerated. 

As a result, there is no discharging of an amount of acidic gas exceeding a 
reference value to the outside of the system caused by the neutralization reaction being 
insufficient. 

The neutral products created by the neutralization reaction remain in the alkaline 
solution as slurry, however, after the decomposition operation has been halted, this slurry 
is fed into the solid - liquid separator together 362 with the alkaline solution and the 
solids and liquid are continuously separated. 
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Because this separated solution is returned to the exhaust gas treatment tank 341 
for reuse, in the decomposition apparatus, this coupled with the reuse of the cooling 
water enables the amount of water consumption to be greatly reduced. 

Moreover, safety can also be increased by running the air compressor 324 after the 
decomposition operation has been halted in order to clean out any acidic gas still 
remaining in the apparatus. 

Note that the decomposition apparatus for organic halogen compounds according 
to the present invention is not limited to the above embodiments and may include the 
embodiments described below. 

(1) In the present embodiment, the direction of the slant of the flow passages 334a and 
334b is the same as the direction of the slant of the bottom surface of the liquefaction 
chamber 318e, however, it is not limited to this and may be set in the reverse direction or 
the like. In this case, the water that has condensed around the flow passages 334a and 
334b temporarily moves to the bottom surface of the liquefaction chamber 318e 
following the slant and then moves to the vaporization chamber 318c following the slant 
of the bottom surface. 

Moreover, the orientation of the fluid flowing through the flow passages 334a and 
334b may be either in a downwards direction or in an upwards direction relative to the 
slant of the flow passages. 

Furthermore, it is not necessary for the flow passages 334a and 334b to be 
rectilinear, and they may, for example, be formed in a coil shape. In this case, the slant of 
the flow passages 334a and 334b is formed by a curved line that forms the twists of the 
coil. 

Moreover, the number of flow passages is not limited to those described in the 
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present embodiment. 

(2) In the present embodiment, the slant of the bottom surface of the liquefaction 
chamber 318e is in one direction, however, it is also possible to connect the 
communicating pipe 318d to the center of the liquefaction chamber 318e and for the 
bottom surface of the liquefaction chamber 318e to be formed descending from both 
ends of the liquefaction chamber 318e towards the central communicating pipe 318d 

Moreover, the liquefaction chamber 318e and the vaporization chamber 318c are 
formed in pipe shapes, however, the present embodiment is not limited to this and they 
may be formed in an optional shape. 

Note that, as described above, it is not necessary for the vaporization chamber 
318c to be placed on a slant and the existence or otherwise of a slant and the orientation 
of any slant is not something that is limited by the present embodiment. 

(3) It is not necessary for there to be one communicating pipe 318d provided to 
connect the liquefaction chamber 318e and the vaporization chamber 318c and a 
plurality of communicating pipes may be provided. It is also possible to directly connect 
the liquefaction chamber 318e with the vaporization chamber 318c without providing the 
communicating pipe 318d between the two. It is also possible to form the liquefaction 
chamber 318e and the vaporization chamber 318c as a single body. 

(4) Instead of the orifice 338 it is also possible to fill the mixer 337 with beads or the 
like as a means for accelerating the mixing inside the mixer 337. 

In this structure, the mixing is accelerated because the fleon gas and the like and 
the water vapor circulate at random through the gaps formed in the mixer 337. 

It is also possible to place a plurality of baffle plates at intervals on the inner 
peripheral surface of the mixer 337, for example, alternating in the vertical and 
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horizontal directions (i.e. a static mixer). 

In this structure, because the fleon gas and the like and the water vapor are 
circulated in a zigzag fashion, the mixing is accelerated. 

It is also possible to place the piping that is connected to the entry side of the mixer 
337 on an slant relative to the flow direction, and to provide a spirally extending guide 
plate at the inner peripheral surface of the mixer 337 (i.e. a swirl mixer). 

In this structure, because the fleon gas and the like and the water vapor are 
circulated in a spiral fashion, the mixing is accelerated. 

(5) Instead of pH control of the alkaline solution as a means for avoiding the discharge 
of acidic gas to the outside of the system caused by the neutralization reaction being 
insufficient, it is also possible to perform control using a motor current value. 

Namely, if the number of motor revolutions decreases or stops, the bubbles being 
discharged from the intake pipe 345 are not being sufficiently divided and the 
neutralization reaction may not be being performed satisfactorily. 

Therefore, if any abnormalhies in the motor revolutions are detected based on the 
motor current value and the operation of the decomposition apparatus is halted by an 
instruction from the control device 361, it is possible to prevent the discharge of acidic 
gas to the outside of the system. 

(6) Because the interior of the reaction pipe 315 is kept in a dry state, there is 
practically no corrosion effect caused by acidic gas generated by the decomposition 
reaction of Formula 9. 

However, in order to improve the safety even more, it is also possible to install a 
simple booth enveloping the reaction pipe 315 and place an exhaust gas sensor for 
detecting CO2 gas, CO gas and the like between the booth and the reaction pipe 315. 
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In this structure, the extent of corrosion of the reaction pipe 315 can be constantly 
monitored by the control device 361 via these exhaust gas sensors. Therefore, even if the 
reaction pipe 315 corrodes and gas generated by the decomposition reaction of Formula 
9 escapes from the reaction pipe 315, the operation of the decomposition apparatus can 
be halted by an instruction from the control device 361 and the discharge of acidic gas to 
the outside of the system can be prevented by suctioning the escaped gas. 

In this case, the gas suction can also be performed by the blower 343 provided in 
the exhaust duct 342. 

(7) Because the slurry inside the exhaust gas treatment tank 341 precipitates to the 
bottom if it is left overnight after operations have been halted, it is also possible to pump 
out the precipitated high concentration slurry using a pump and to dispose of this using 
the solid - liquid separator. 

In this case, because it is possible to pump out the high concentration slurry only 
without it being mixed in with free alkaline, highly efficient slurry treatment is possible. 

Moreover, if a granulating agent or an agglomerating agent or the like is added to 
the alkaline solution so as to increase the granularity of the slurry, the precipitation time 
can be shortened, and even more efficient slurry treatment can be performed. 

(8) Instead of placing the distal end of the Tesla coil 314 inside the electric discharge 
pipe 305, it is also possible to place it outside the electric discharge pipe 305 and to 
achieve ignition by spark discharge. 

(9) Instead of changing the fleon to a gas state by heating the recovered fleon cylinder 
328 and then allowing this fleon gas to flow out, it is also possible to invert the 
recovered fleon cylinder 328 and to allow the recovered fleon to flow out in a liquid state. 
After the quantity of the flow has been made constant using a restricting apparatus such 
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as a differential pressure control valve or the like, the fleon may then be heat vaporized 
and fed to the fluid heating apparatus 318. 

In this case, flow variations caused by temperature reductions can be suppressed by 
heating the restricting apparatus and the pipes, 

(10) Instead of using the cooling water used to cool the reaction pipe 315 to heat the 
recovered fleon cylinder 328, it is possible to use the cooling water from the cooler 353 
used for the slurry cooling in the exhaust gas treatment tank 341. 

(11) The distance that the distal end of the mner pipe 311 is from the distal end of the 
probe antenna 309a towards the inside is optimally set to the same distance as the distal 
end of the probe antenna 309a is from the portion where the microwave energy 
converges, provided that the inner pipe 311 is not melted, however, it is also possible to 
alter this after considering the melting of the inner pipe 311. 

(12) The bubble dividing means 352 may also be a screw type apparatus in which a 
propeller is fixed to the distal end of a shaft portion. 

Further, each structural element 352b, 352c, and 352d of the bubble dividing 
means 352 may be made from a resin such as Teflon, and the bubble dividing means 
may be formed by joining these together using nuts and bolts. 

In this structure, because not only are there no welded portions, but each structural 
element 352b, 352c, and 352d is formed from resin, this apparatus has extremely good 
corrosion resistance. 

(13) Instead of placing the distal end portion of the intake pipe 345 at an inclined 
predetermined angle relative to the vertical direction, it may be formed substantially in a 
U shape. 

(14) The neutral solution stored in the exhaust gas treatment tank 341 is not limited to 
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the above alkaline suspension solution and it is also possible to use an aqueous alkaline 
solution such as a sodium hydroxide aqueous solution or the like. 
(Possible Industrial Applications) 

As is clear from the above description, according to the present invention, the 
effects described below are produced. 

(a) In the decomposition apparatus for organic halogen compounds according to the 
first aspect of the present invention, even if the organic halogen compound to be 
decomposed is a refrigerant that has been recovered from air conditioners or the like, 
because it is possible to separate and remove oil elements mixed in with the refrigerant 
before the refrigerant is introduced into the plasma generating section, there is no 
contaminating of the piping system or generating of byproducts. 

Accordingly, efficient and stable supply of organic halogen compounds becomes 
possible and the plasma can be stabilized continually for long periods of time, thereby 
enabling an improvement in the treatment performance to be achieved. 

(b) In the decomposition apparatus for organic halogen compounds according to the 
second aspect of the present invention, even if variations in pressure are brought about 
by temperature reductions when the organic halogen compound is vaporized, it is 
possible to suppress variations in the volume flow rate of the organic halogen compound 
fed by the flow rate adjustment means to the downstream side thereof, and consequently, 
a stable supply to the plasma generating section becomes possible, 

(c) In the decomposition apparatus for organic halogen compounds according to the 
third aspect of the present invention, the discharge pressure is kept constant by keeping 
the temperature of the saturated vapor constant. Moreover, in the decomposition 
apparatus for organic halogen compounds according to the sixth aspect of the present 
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invention, because the organic halogen compounds that pass through the restricting 
apparatus are heated to and then kept at a fixed temperature by the heating apparatus, it 
is possible to effectively suppress variations in the volume flow rate of the organic 
halogen compound and, consequently, a stable supply to the plasma generating section 
becomes possible, 

(d) In the decomposition apparatus for organic halogen compounds according to the 
fourth aspect of the present invention, variable control of the aperture cross sectional 
area of the restricting apparatus can be performed in accordance with the pressure 
upstream from the restricting apparatus. Moreover, in the decomposition apparatus for 
organic halogen compounds according to the fifth aspect of the present invention, 
because it is possible to keep the gas pressure upstream from the restricting apparatus 
constant using a pressure control valve, even if the gas pressure drops below a 
predetermined value as the time in operation becomes longer, it is possible to effectively 
suppress variations in the volume flow rate of the organic halogen compound and, 
consequently, a stable supply to the plasma generating section becomes possible. 

(e) According to the decomposition apparatus for organic halogen compounds 
according to the seventh aspect of the present invention, the water inside the heater is 
uniformly heated and water vapor is generated with the water in contact with the heater 
for a sufficient length of time and a sufficient surface area of the water is in contact with 
the heater. Moreover, because a fixed amount of water vapor is always retained inside 
the heater, it is possible to prevent splashes caused by rippling and sudden boiling and to 
stabilize the water vapor outflow rate. 

As a resuh, it is possible to stabilize the decomposition reaction without there 
being any plasma loss, and to achieve an improvement in the treatment performance. 
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(f) According to the decomposition apparatus for organic halogen compounds 
according to the eighth aspect of the present invention, deterioration of the filling 
member in a high temperature environment can be effectively prevented and the above 
effects can be continually maintained for long periods of time. 

(g) According to the decomposition apparatus for organic halogen compounds 
according to the ninth aspect of the present invention, because the organic halogen 
compound is preheated before it is mixed with the water vapor, the water vapor is not 
recondensed by being cooled by the organic halogen compound. Moreover, because the 
preheating heater needed to prevent recondensation is formed integrally with the heater 
for generating the water vapor, it is possible to achieve effective use of the heat source 
and to conserve space, 

(h) Li the decomposition apparatus for organic halogen compounds according to the 
tenth aspect of the present invention, because the water vapor and organic halogen 
compounds inside the mixer are diffused by striking the resisting member and the flow 
directions of each are changed so that they collide with each other, the mixing together 
of the two is accelerated. 

As a result, the decomposition reaction is sufficiently carried out and there is no 
generation of byproducts such as hydrogen chloride and carbon monoxide, 

(i) hi the decomposition apparatus for organic halogen compounds according to the 
eleventh aspect of the present invention, because the water vapor and the organic 
halogen compounds that have been fed into the mixer strike against the orifice and the 
two are made to collide against each other thereby accelerating the mixing upstream 
from the orifice, and because the mixing is also accelerated downstream from the orifice 
due to the turbulence that forms downstream from the orifice, it is possible to achieve 
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even more improvement in the decomposition conditions, 

(j) In the decomposition apparatus for organic halogen compounds according to the 
twelfth aspect of the present invention, because the water vapor and organic halogen 
compounds that have been fed into the mixer are circulated at random in the gaps 
between granular bodies and the two are made to collide together in the circulation 
process, the mixing is accelerated and it is possible to achieve an improvement in the 
decomposition conditions. 

(k) In the decomposition apparatus for organic halogen compounds according to the 
thirteenth aspect of the present invention, because the water vapor and the organic 
halogen compounds that have been fed into the mixer are made to collide against baffle 
plates and to circulate in a zigzag manner inside the mixer, the mixing of the two is 
accelerated and it is possible to achieve an improvement in the decomposition 
conditions. 

(1) In the decomposition apparatus for organic halogen compounds according to the 
fourteenth aspect of the present invention, because the water vapor and the organic 
halogen compounds that have been fed into the mixer via the nozzles are circulated 
while they form a swirl pattern (i.e. a whirlpool flow), the mixing of the two is 
accelerated and it is possible to achieve an improvement in the decomposition 
conditions. 

(m) Accordmg to the fluid heating apparatus according to the fifteenth aspect of the 
present invention, the heating medium is vaporized by a heater and the fluid is heated by 
condensation heat transfer. As a result, the heating medium, which has become a heat 
source, can be stably and continually supplied, and the fluid can be stably heated and 
stably supplied. 
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(n) According to the fluid heating apparatus according to the sixteenth aspect of the 
present invention, because the heating medium that has been condensed in the 
liquefaction chamber is vaporized once again in the vaporization chamber, the heating 
medium, which has become a heat source, can be stably and continually supplied, and 
the fluid can be stably heated and stably supplied. 

(o) According to the fluid heating apparatus according to the seventeenth aspect of the 

present invention, because the bottom surface of the liquefaction chamber is formed as a 

slope, the condensed heating medium moves rapidly to the vaporization chamber. As a 

result, the heating medium, which has become a heat source, can be stably and 

continually supplied, and the fluid can be stably heated and stably supplied. 

(p) According to the fluid heating apparatus according to the eighteenth aspect of the 

present mvention, because the flow passage is formed as a slope, the heating medium 

that has condensed on the surface of the pipe forming the flow passage can be removed 

rapidly. As a result, the heating medium, which has become a heat source, can be stably 

and continually supplied, and the fluid can be stably heated and stably supplied. 

(q) According to the fluid heating apparatus according to the nineteenth aspect of the 

present invention, because a resisting member is provided in the flow passage, the 

variations in the flow rate that accompany the vaporization of the fluid in the flow 

passage can be suppressed and the fluid can be stably heated and stably supplied. 

(r) According to the fluid heating apparatus according to the twentieth aspect of the 

present invention, by equipping the fluid heating apparatus with a pressure detector and a 

pressure control apparatus, it is possible to easily control the temperature of the heating 

medium and the fluid can be stably heated and stably supplied. 

(s) According to the decomposition apparatus for organic halogen compounds 
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according to the twenty-first aspect of the present invention, because the fluid is stably 
heated, an improvement in the treatment performance can be achieved without causing 
any plasma loss. 



WHAT IS CLAIMED IS: 
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1 A decomposition apparatus for organic halogen compounds which generates 
thermal plasma by irradiating microwaves onto a gas containing organic halogen 
compounds and decomposes organic halogen compounds in the plasma, wherein 

a mist separator for separating and removing a mist of oil and moisture elements 
and the like mixed with the organic halogen compounds is provided on a transit path that 
leads from a cylinder containing organic halogen compound are contained to a plasma 
generating section. 

2 A decomposition apparatus for organic halogen compounds which generates 
thermal plasma by irradiating microwaves onto a gas containing organic halogen 
compounds and decomposes organic halogen compounds in the plasma, wherein 

a flow rate adjustment means is provided for suppressing variations in a volume 
flow rate of organic halogen compounds circulating towards the plasma generating 
section , 

3 The decomposition apparatus for organic halogen compounds according to claim 2, 
wherein the flow rate adjustment means is provided with a temperature adjustment 
apparatus for keeping constant a gas temperature inside a cylinder containing organic 
halogen compound. 

4 The decomposition apparatus for organic halogen compounds according to claim 2, 
wherein the flow rate adjustment means is provided with a restricting apparatus whose 
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aperture cross sectional area is controlled so as to be able to be varied in accordance with 
a gas pressure of organic halogen compounds upstream from the flow rate adjustment 
means. 

5 The decomposition apparatus for organic halogen compounds according to claim 2, 
wherein the flow rate adjustment means is provided with a pressure control valve for 
keeping a gas pressure of an organic halogen compound upstream of the flow rate 
adjustment means at a constant pressure, and with a restricting apparatus provided 
downstream from the flow rate adjustment means. 

6 The decomposition apparatus for organic halogen compounds according to claim 2, 
wherein the flow rate adjustment means is provided with a restricting means for 
vaporizing organic halogen compounds flowing out in a liquid state from a cylinder, and 
a heating apparatus for heating organic halogen compounds passing through the 
restricting means to fixed temperature and keeping the organic halogen compounds at 
the fixed temperature. 

7 A decomposition apparatus for organic halogen compounds which generates 
thermal plasma by irradiating microwaves onto a gas containing organic halogen 
compounds and decomposes organic halogen compounds in the plasma by reacting the 
organic halogen compounds with water vapor, wherein 

the decomposition apparatus for organic halogen compounds is provided with a 
heater for generating water vapor by causing water supplied from a water source to pass 
through a flow passage provided in the heater body, and a filling member is provided in 
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the flow passage so as to block the flow passage while leaving a gap running from the 
entry side to the exit side of the flow passage. 

8 The decomposition apparatus for organic halogen compounds according to claim 7, 
wherein the filling member is formed from an inorganic material. 

9 The decomposition apparatus for organic halogen compounds according to claim 7, 
wherein a second flow passage for circulating organic halogen compounds is formed in 
the heater separately from the flow passage, 

10 A decomposition apparatus for organic halogen compounds which generates 
thermal plasma by irradiating microwaves onto a gas containing organic halogen 
compounds and decomposes organic halogen compounds in the plasma by reacting the 
organic halogen compounds with water vapor, wherein 

the decomposition apparatus for organic halogen compounds is provided with a 
mixer in a section where water vapor and organic halogen compound supplied by a 
separate system flow together, and a resisting member is provided inside the mixer 
section so as to partially block the circulation of the water vapor and the organic halogen 
compound. 

11 The decomposition apparatus for organic halogen compounds according to claim 
10, wherein an orifice provided uiside the mixer is employed as the resisting member. 

12 The decomposition apparatus for organic halogen compounds according to claim 
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10, wherein a granulated material with which the mixer is filled is employed as the 
resisting member. 

13 The decomposition apparatus for organic halogen compounds according to claim 
10, wherein baffle plates provided at alternating intervals on facing internal peripheral 
surfaces inside the mixer are employed as the resisting member. 

14 A decomposition apparatus for organic halogen compounds which generates 
thermal plasma by irradiating microwaves onto a gas containing organic halogen 
compounds and decomposes organic halogen compounds in the plasma by reacting the 
organic halogen compounds with water vapor, wherein 

the decomposition apparatus for organic halogen compounds is provided with a 
mixer in a section where water vapor and organic halogen compound supplied by a 
separate system flow together, and a plurality of inclined nozzles for separately 
introducing water vapor and organic halogen compounds are provided at the mixer entry 
side, and these inclined nozzles are inclined at predetermined angles towards the exit 
side of the mixer relative to the outer peripheral tangential direction of the mixer. 

15 A fluid heating apparatus including: 

a sealed container; 

a heating medium contained within the sealed container; 
a heater for heating the heating medium; and 

a fluid passage that penetrates through the sealed container and through 
which flows a fluid. 
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16 The fluid heating apparatus according to claim 15, wherein the sealed container is 
provided with a vaporization chamber that is provided with a heater, and with a 
liquefaction chamber, which is provided above the vaporization chamber and 
communicates with the vaporization chamber, through which the flow passage 
penetrates. 

17 The fluid heating apparatus according to claim 16, wherein the liquefaction 
chamber has a sloping bottom surface and the liquefaction chamber and the vaporization 
chamber are connected together at the bottom end of the slope of the bottom surface. 

18 The fluid heating apparatus according to claims 16 or 17, wherein the flow passage 
slopes in the longitudinal direction thereof. 

19 The fluid heating apparatus according to any of claims 15 to 18, wherein a resisting 
member is provided inside the flow passage. 

20 The fluid heating apparatus accordmg to any of claims 15 to 19, wherein the fluid 
heating apparatus is provided with a pressure detector for detecting a pressure of the 
heating medium, and a pressure control apparatus for controlling an output of the heater 
based on an output from the pressure detector. 

21 A decomposition apparatus for organic halogen compounds that is provided with a 
fluid heating apparatus for heating water, wherein the fluid heating apparatus includes; 
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a sealed container; 

a heating medium contained within the sealed container; 
a heater for heating the heating medium; and 

a fluid passage that penetrates through the sealed container and through 
which flows a fluid. 
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ABSTRACT OF THE DISCLX)SURE 
In a decomposition apparatus which generates thermal plasma by the irradiation of 
microwaves onto a gas containing organic halogen compounds and decomposes the 
organic halogen compounds in the thermal plasma, a mist separator for separating and 
removing oil elements mixed with the organic halogen compounds is provided 
downstream from the cylinder that contains the organic halogen compounds, thereby 
preventing contamination of the piping system and the generation of byproducts. The 
cylinder is immersed in warm water in a temperature adjustment tank and the discharge 
pressure is kept constant by keeping the temperature of the saturated vapor in the 
cylinder constant. As a result, variations in the volume flow rate of the organic halogen 
compound are suppressed and the plasma is continuously stabilized for long periods of 
time. 



09/71^198 




09/71919 




09/7191 




09/71^1*^8 



FIG. 6 



32 




FIG. 7 

72 1^ 32 



y 1/ / / 1 7 A 7 y 



FIG. 8 



Q 

.0 
I- 

in 

ill 
o 

m 
a 

Q 




MICROWAVES 
ARGON GAS 
TESLA COIL 
WATER VAPOR 
FLEON GAS 
AIR 



FIG. 9 



ON 



OFF 



8 HOURS 



— s 

START 
OPERATION 



s 

END 
OPERATION 



09/719198 




09/71^19 



FIG. 13 



137 



1,38 



138a 




138a 



137A 




137A 



FIG. 14 

118 



OJJJJJJJJUUUUUU 



'118a 



134a 



134b 



nhrTtrmrrmin' 



-135 



118b 



\ 



118a 



09/719198 



FIG. 15 



U 
1== 

m 

III 
Q 
is 
O 
P 



MICROWAVES 
ARGON GAS 
TESLA COIL 

WATER VAPOR 
FLEON GAS 
AIR 



ON 



OFF 



8 HOURS 



s — 

START 
OPERATION 



V 

S — 
END 
OPERATION 



09/71^198 




FIG. 19 

237 
238 . 



238a 




237A 




237A 



238a 



MICROWAVES 
ARGON GAS 
TESLA COIL 
WATER VAPOR 
FLEON GAS 
AIR 



FIG. 20 

ON 



— 

START 
OPERATION 



8 HOURS 



OFF 



H I 

I I 



i 

END 
OPERATION 



FIG. 21 




09/7l^l'58 



FIG. 23A 




09/719193 




09/7191 




o 



MICROWAVES 
ARGON GAS 



TESLA COIL 
WATER VAPORf 



FLEON GAS 
AIR 



FIG. 28 

337 

338 



338a 




337A 




337A 



338a 



FIG. 29 



ON 



OFF 



8 HOURS 



-w I 

1 I 



— 

START 
OPERATION 



END 
OPERATION 



to 



o 

d 

I— ! 




• Express Mail Label No. \ ^i^i 7 - ' ^ ^ O^P' ^6^iS f rage j - 

Docket No. I 



Declaration and Power of Attorney For Patent Application 

English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled 

ORGANIC HALOGEN COMPOUND DECOMPOSITION APPARATUS AND FLUID HEATING APPARATUS 

the specification of which 

I (check one) 

\: □ is attached hereto, 

13 vvas filed on April 10, 200Q as United States Application No. or PCT International 

r: Application Number pct/jpoo/02317 . 

and was amended on 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above identified specification, / 
including the claims, as amended by any amendment referred to above. 

% I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United 
States, listed below and have also identified below, by checking the box, any foreign application for 
patent or inventor's certificate or PCT international application having a filing date before that of the 
application on which priority is claimed. 

Prior Foreign Appiication(s) Priority Not Claimed 



Patent 11-103346 


Japan 


09/04/1999 
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(Number) 

Patent 11-103347 


(Country) 

Japan 


(Day/Month/Year Filed) 

09/04/1999 
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(Number) 

Patent 11-123161 


(Country) 

Japan 


(Day/Month/Year Filed) 

28/04/1999 
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(Number) 

Patent 11-136354 


(Country) 
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(Day/MonthA^ear Filed) 

17/05/1999 
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(Number) 


(Country) 
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(Country) 
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hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 



(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 



(Application Serial No.) 



(Filing Date) 



I hereby claim the benefit under 35 U. 8. C. Section 120 of any United States application(s). or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
Section 1.56 which became available between the filing date of the prior application and the national 
or PCT Internationa! filing date of this application: 



:S (Application Serial No.) 




(Filing Date) 


(Status) 

(patented, pending, abandoned) 


(Application Serial No.) 




(Filing Date) 


(Status) 

(patented, pending, abandoned) 


(Application Serial No.) 




(Filing Date) 


(Status) 

(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attomey(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 

Stephen D. Murphy; Reg. No. 22,002 Paul J. Esatto, Jr., Reg. N o^30, 749 

Leopold Presser, Reg. No.J^2827___ John S. Sensny; Reg. No^^S^TST^ 

William C. Roch; Reg. NoTIS^tEI^ Mark J. Cohen; Reg. No.Jt2,2JJ . / / 

Kenneth L. King; Reg. No . 24^223 Richard L. Catania; Reg. No. ^2^608^ / ' 

Frank S. DiGiglio; Reg. No^^JLt 
Edward W. Grolz, Reg. No. 33,705 




Send Correspondence toiJ^ opold Presser 

^ Scully, Scott, Murphy & Presser 

400 Garden City Plaz a 
_ Garden City. New Yori t 11530 



Direct Telephone Calls to: (name and telephone number) 

Leopold Presser, Esq. at (516) 742-4343 



Full name of sole or first inventor ^, , . ^ 

Masahiro Bessho 



Sole or first inventor's signature Date 
M^^^J^^ ke^slr^ November- 30. 200C 



Residence ^[agoya-shi , Japan ^ <^^J^)>(^ 



Citizenstiip 

Japan 



Post Office Address 

c/o MITSUBISHI HEAVY INDUSTRIES, LTD,, MAGOYA Research & Development 



Center, 1, Aza Takamichi, Iwatsuka-cho , Nakamura-ku, 
Nagoya-shi, Aichi-ken, Japan 



Full name of second Inventor, if any „ 

Toshio Hattori 
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fT^ I Second inventor's signature Date 

•^%k^o Hu-M^h) November 30, 20qo 



Residence jgagoya-sh i , Japan ^ f^Jxf 



Citizenship 

Japan 



Post Office Address 

c/o MITSUBISHI HEAVY INDUSTRIES , LTD. , NAGOYA Research & Development 
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Full name of third inventor, if any 



Yasuhiro Tsubaki 
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Residence 



Date 
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Nagoya-shi , Japan 



Citizenship 



Japan 
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